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PA QUESTIONNAIRE 

Name PATRICK :·!OLLOY Loe at ion 3 s 0 2 1 • a 2 " 107° 56' 25". 

Site ~lame NAVAJO - BROWN VANDEVER Date --..J.,,_ur-.... 1E=......., ::;;.o9'-'9;..::0'"--""--------
URANIUM MINE 

~AJOR CONSID~RATIONS 

-l.) DOES ANY QUALITATIVE OR QUANTITATIVE INFORMATION EXIST THAT ~y 
INDICATE AN OBSERVED RELEASE TO AIR, GROUND HATER, SOIL OR SURFACE 
\~ATER? YFS 

Describe: GAMMA RAI'EMETER REt1QING OF 1 QS cpm ON "EQT EQAD" 

CONSISTENT WITH Rn222 CONCENTRATION OF 104 A70MS PER 
CUBIC CENTH!ETER 

B) IF THE AUSWER TO n IS YES, IS THERE EVIDENCE OF DRINKING WATER 
SUPPLY CONTA~INATION OR ANY OTHER TARGET CONTAMINATION (i.e., foodchain, 
recreation areas, or sensitive environments)? NO 

~---~~-~~-

Describe: 

C) ARE THERE SENSITIVE ENVIRONMENTS WITHIN A 4-MILE RADIUS OR 15 

0) 

DOWNSTREAM MILES OF THE SITE? Yi:'S IF YES, DESCRIBE IF 
ANY OF THE FOLLOWING APPLY: 

- Multiple sensitive environments? 

- Federally designated sensitive environment(s}? Y"~ ----------

• Sensitive environment(s) downstream on a small or slow flowing 
surf ace water body? 

IS THE SITE LOCATED IN AN AREA OF KARST TERRAIN? 

Describe: 

E) rs THE AQUIFER UNDERLYING THE SITE A "SOLE SOURCE" AQUIFER AS 
DESIGNATED ACCORDING TO SECTION 1424(e) OF THE SAFE DRINKING WATER 
ACT? 

Describe: 

F) DOES ANY QUALITATIVE OR QUANTITATIVE INFORMATION EXIST THAT PEOPLE 
LIVE OR ATTEND SCHOOL ON ONSITE CONTAMINATED PROPERTY? ..-YE_s __ _ 

Describe: APPROXIMATELY 6'3 PEOPLE LIVE ON SITE 
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SI TE I NF OR MA TI ON 

2. 

3. 

4. 

srrE :1AME: BROWN VANQEVER URAN:LUM MrNE 

.~.DORE SS: FOOR MILES NNE OF Bl.DEWATER I NEW 1'1EXICQ 

CITY: BLUEWATER COUNTY: MeKINLEY STATE: .fil1 ZIP: 870, 

EPA IJ: ** NOT ASSIGNED ** 

LATITUDE: 35° 21 1 ·02" • LONGITUDE: 107° 56' 25" 

DIRECTIONS TO SITE (From nearest public road): PROM ATSF UNDERPASS ON 

IrJ'I'ERSTATE 40 FRONTAGE ROAD PROCEED E ON IMPROVED DIRT ROAD, 

TURN NAT APPROXIMATELY 4.5 mi., PROCEED N 1.2 mi., TURN W, 

GATE WITH HOOK .l mi., SITE ENVIRONS 

SITE OWNERSHIP HISTORY (Use additional sheets, if necessary): 

A. Name of current owner: VANDEYER OIITFI! /NAVA.TO NATION 

Address: P. 0. BOX 308 (NNl 

City: WINQOW ROCK County: APACHE State: J:.J, Zip: 86 s J ~ 

Dates: From 1868 To PRESENT Phone: (602) 871 - 4941 

8. Name of previous owner: NO PREVIOUS OWNER 

Address: 

City: County: State: Zip: 

Oates: From To Phone: --- -----
Source of ownership data: TREATY OF 1868 

TYPE OF OWNERSHIP (Check all that apply): 

State Municipal Private 

Federal - County _x_ Other (describe): NAVAJO NATION 
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:lA:1E OF S1i: '.)PE::<ATJR: NONE: MINING ACTIVITY HAS CEASED 

CI iY: COUNTY: STAE: ZIP: ------
PHONE: 

BACKGROUND/OPERATING HISTORY 

6. DESCRIBE OPERATING HISTORY OF SITE: MINE WAS OPENED. IN 1 952 BY 
SUTTON, THOMPSON AND WILLIAMS: OPERATED IN 1953 BY WILLIAMS: 
OPERATED IN 1955 BY SANTA FE URANIUM; OPERATED IN 1955 - 1956 
BY SANTA FE URANIUM AND FEDERAL URANIUM: OPERATED IN 1957 - 195 
BY FEDERAL URANIUM: OPERATED IN 1963 - 1964 BY MESA MINING CO.: 
OPERATED IN 1966 BY CIBOLA MINING CO. 

Source of information: REFERENCE # 2 
-=..;~==.:.=-:.:..==.._;:..,-=-~~~--------~----~--~ 

7. DESCRIBE SITE ANO NATURE OF SITE OPERATIONS (property size, 
manufacturing, waste disposal, storage, etc.): SITE IS LOCATED AT '.:'HE 

SOUTHEASTERN MARGIN OF HAYSTACK MOUNTAIN IN A RURAL SHEEP 

RAISING AREA. SITE IS COMPRISED OF APPROXIMATELY ~ SECTION. 
INACTIVE URANIUM MINE; MINE SPOILS DISPOSED OF ON SITE; 

NO BARRICADES OR CONTAINMENT OF SPOILS. 

Source of information: WINDSHIELD SURVEY (REFERENCE # 3l 

8. DESCRIBE ANY EMERGENCY OR REMEDIAL ACTIONS THAT HAVE OCCURRED AT THE 
SITE: 

NONE 

Source of information: MR. BROWN VANDEVER 

9. ARE THERE RECORDS OR KNOWLEDGE OF ACCIDENTS OR SPILLS INVOLVING SITE 
WASTES? NO 

Describe: 

Source of information: NONE 
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QISCUSS EXISTING SAMPLING DATA ANO BRI~FLY SU~1ARIZE DATA QUALITY 
(e.g •• sample objective, age/comparability, analytical methods, detection 
1 i::lits and QA/QC): 

RADIA!'I0N SIIEVEY CONDUCTED AT SITE APBII. J 1. J 990: BACKGRO!IND 
TAKEN AT SITE WITH EBERLINE ESP - II IN RATEMETER MODE : DATA 
TAKEN AT "SHINE" 11 METER ABOVE SURFACE) : RATEMETER UTILIZED 
SPA - 3 HIGH GA~ll1A SENSITVITY PROBE: CALIBR~IION DATE JAN 5, 
1990· QETECTTON LIMITS 1200kcpm per mR.hr WITH csl37 CAL
IBRATION SOURCE: QA/QC REP:ATABILITY ,__ ~ .003% 

Source of information: WINDSHIELD SURVEY, REFERENCE # 15 

WASTE CONTAINMENT/HAZARDOUS SUBSTANCE IDENTIFICATION 

11. 

12. 

13. 

rnR EACH SOURCE AT THE SITE, SUMMARIZE ON TASLE 1 (page 12): 1) Methods 
of hazardous substance disposal. storage or handling; 2) size/volume/area 
of all features/structures that ~ight contain hazardous waste/ 
3) condition/integrity of each storage disposal feature or structure; 
and 4) types of hazardous substances handled. 

BRIEFLY EXPLAIN HOW WASTE QUANTITY WAS ESTIMATED (e.g., historical 
records or manifests, permit applications, air photo measurements, etc.): 

PHOTOGRAPHS, VEHICLE ODOMETER READINGS; GEOMETRIC AND PHYS

ICAL CONCEPTS 

Source of information: WTNDSHI EI.D SURVEY REFEREN<;'ES # 3, j 1 4, 

. #15 # 18 
DESCRIBE ANY RESTRICTIONS OR BARRIERS

1

0N ACCESSIBILITY TO ONSITE WASTE 
MATERIALS: 

ONE GATE WITH IRON HOOK 

Source of information: WINDSHIELD SURVEY 

GROUND WATER CHARACTERISTICS 

14. ANY POSITIVE OR CIRCUMSTANTIAL EVIDENCE OF A RELEASE TO GROUND WATER? ? -·-
Describe: INDIAN HEALTH SERVICE INSTALLATION OF A COMPLE~E 

WATER SYSTEM FOR THE COMMUNITY: AREA HAS A REPUTATION FOR 
HAVING RADIOSPECIES-CONTAMINATED WATER SOURCES 

Source of information: ~.Ei':E:i:EWClii:5 u ~, # 2 J 
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)~l TABL 2 (page 13), :JI 1/E 'lAMES. DESCRIPTIONS, ANO CHARACTERISTICS OF 
3~0LOGI /HYOROGEOLOGIC UNITS UNDERLYING THE SITE. 

'lET ?RE·:IPiiAiION: * MINUS 44 in * 

SURFACE WATER CHARACTERISTICS 

17. ~RE THERE SURFACE WATcR SODIES WITHIN 2 MILES OF THE SITE? YES 

x Ditches Lakes Pond 

Creeks Rivers __ x_ Other WASH --
18. DISCUSS THE PROBABLE SURFACE RUNOFF PATTERNS FROM THE SITE TO SURFACE WATERS: 

FROM THE TAILINGS ASSOCIATED WITH THE INCLINED ADITS, SURFACE 
WATER RUNOFF FLOWS EASTSOUTHEASTWRD FOR APPROX. l mi.; RUNOFF 
THEN PROCEEDS SOUTHEAST APPROX. 3 mi. BEFORE TERMINATING. FROM 
THE STRIP ~INE TAILINGS SURFACE RUNOFF PROCEEDS OVERLAND APPROX . 
. 7 mi. BEFORE CONVERGING WITH ABOVE DRAINAGE: FLOW IS ENE 

19. PROVIDE A SIMPLIFIED SKETCH OF SURFACE RUNOFF AND SURFACE WATER FLO~ 
SYSTEM FOR 15 DOWNSTREAM MILES (see item #36). 

20. ANY POSITIVE OR CIRCUMSTANTIAL EVIDENCE OF SURFACE WATER 
CONT~~INATION? YES 

Describe: RADIATION SURVEY RESULTS CONSISTENT WITH RADIOSPECIES 
MIGRATION INTO SOUTHEAST TRENDING DRAINAGE: READINGS .WERE 10 - 15 
TIMES BACKGROUND. 

Source of information: WINDSHIELD SURVEY, FIELD NOTES(REF'S.#14,:18) 

21. ESTIMATE THE SIZE OF THE UPGRADIENT DRAINAGE AREA FROM THE SITE: 73.4 
acres 

Source of information: REFERENCES #3, #4;WORKSHEET#l,f7 

22. DETERMINE THE AVERAGE ANNUAL STREAM FLOW OF DOWNSTREAM SURFACE WATERS 

'..later body: _a_r .... o-..s ..... A_N._...J_..o ... s_E.__ __ Fl ow: 2 . g 7 cf s 

Water body: Fl ow: cfs 
~---------------- ----

'riater body: Flow: cfs 
~----------------- -~-

Source of information: REFERENCEf 20 

23. IS THE SITE OR PORTIONS THEREOF LOCATED IN SURFACE WATER? ---'N=0"------

24. IS THE SITE LOCATED IN A FLOODPLAIN (indicate flood frequency)? ? 
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25. IDENTIFY ~~O LOCAT~ (see i=em 436) ANY SURFACE ~AT~R RECREATION AREA 
'•liT-HN 15 ")Qi.niSnEAM '.1ILES OF TYE SITE: __.N .... O ..... N ... E ________ _ 

Source of information: REFERENCE # 16 

26. TWO YEAR 24-HOUR RAINFALL: ___ l_..._. 2 6 in • 

TARGETS 

27. OISCUSS GROUND 1AATER USAGE WITHIN FOUR MILES OF THE SITE: l\N IN-
DIAN HEALTH SERVICE WATER SYSTEM, WHICH HAS BEEN TURNED 
OVER TO THE NAVAJO NATION WATER RESOURCES DIVISION (NNWRD), 
SERVES APPROXIMATELY 430 PERSONS IN THE HAYSTACK COMMUNITY: 
IT IS ESTIMATED THAT APPROXIMATELY 100 PERSONS TOO INDIGENT 
TO AFFORD PLUMBING FOR THEIR RESIDENCES UTILIZE OTHER NNWRD 
WELLS IN THE AREA WHICH ARE SOURCED BY UNCONFINED ALLUVIAL 
UNIT AND THE DAKOTA SANDSTONE AQUIFER. 

Source of i nforrnat ion: REFERENCES # 3, _,_ 4, 18, 19, 21 

28. SUMMARIZE THE POPULATION SERVED BY GROUND WATER ON THE TABLE BELOW: 

Distance Population 
(miles) 

>O - 1/4 65 est. 

>1/4 - 1/2 

) 1/2 - 1 7 7 

>l - 2 180 

>2 - 3 133 

>3 - 4 46 

Source of information: REFERENCES #4iWORKSHEET#2,7,21 
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fDENTIFY ANO LOCATE (see i:em 436) PQPULATION SERVED BY SURFACE ~ATER 
PlP.KES .nr-n~i 15 ')QWNSTREAM MILES OF THE SITE: NONE. 

Source of information: R~EERENCES#l4,l8 

DESCRIBE AND LOCATE FISHERIES WITHIN 15 DOWNSTREAM MILES OF THE SITE 
(i.e., provide standing crop or production and acreage, etc.): 

Source of information: .... Ro.i.E.,..F._E,,..Ri.i..E.,..Nloil.:c ..... E..._#ii:...l...:6....__ ___________ _ 

IF SURFACE WATER RECREATION AREAS EXIST, CHOOSE RECREATIONAL USE 
CATEGORY, ANO THEN DETERMINE THE POPULATION WITHIN THE ASSIGNED RADIUS 
FROM THE RECREATION AREA. (Use GEMS to allocate into distance rings). 

*** NOT APLICABLE *** 
a. Capital use and access improvements (assigned 

.radius=l25 miles) 
b. Access improvements only (assigned radius=80 miles) 
c. Observed use only (assigned radius=40 miles) 
d. None of the above apply and access is not restricted 

(assigned radius=lO miles) 

Distance 
(miles) 

>O - 5 

>5 - 10 

>10 - 20 

>20 - 40 

>40 - 60 

>60 - 80 

>BO - 100 

>100 - 125 

Population 

---
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32. iET~RMINE THE DISTANCE FROM TrlE SITE TO THE NEAREST ~F EACH OF THE 
~JLLJHING LAND ~SES .. 

33. 

Descriotion 

Commercial/Industrial/ 
Institutional 

Single Family Residential 

Multi-Family Residential 

Park 

Agricultural 

Source of information: WINDSHIELD SURVEY 

Distance 
(:nil es) 

GT 4 mi. 

0 wi. 

0 mi. 

.GT.4 mi. 

0 mi. 

SUMMARIZE THE POPULATION WITHIN A FOUR-MILE RADIUS OF THE SITE: 

Distance 
(mil es) Po2ulation 

on site 65 

>O - 1/4 65 

>1/4 - 1/2 

>1/2 - 1 ~~ 

>l - 2 197 

>2 - 3 149 

>3 - 4 62 

Source of information: REFERENCES#4;WORKSHEET#2,7,21 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

9 

JTHER REGULATORY INVOLVEMENT 

24 •. JISCUSS ANY D~RMITS/VIOLATIONS: 

:aunty: 

State: 

Federal: 

Other: NAVAJO NATION 

Source of information: REFERENCE~l7 

35. SKETCH OF SITE 

Include all pertinent features, e.g., wells, storage areas, 
underground storage tanks, waste areas, buildings, access roads, areas of 
~anded water, etc. Attach additional sheets with sketches of enlarged 
areas, if necessary. 

*** SEE ATTACHED *** 
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36. SURFACE './ATER FEATURES 

Provide a simplified sketch of surface runoff and surface water flow 
system for 15 downstream ~iles. Include all pertinent f!atures, e.g., 
intakes, recreation areas, fisheries, ~auging stations, etc. 

(f_{lM I ,_j~lt.. S 

@ ~ "+- ""t l.. • 
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vl3.5' 
N 

VERTICAL SHAFT 

~ ..----:::INCLINED ADITS 

Gi "7 r '\ 
VENTILATION 

SHAFTS (J-:-" B. VANDEVER RES I DENCE 

~ 

STRIP 

MINE 

ACCESS ROAD 

~ TO PREWITT := 3 • 5mi • 

SCALE - l" - 1418 ft. 

~ .... 

NAY AJO SUPERfUND orncE 
NAVAJO-BROWN VANDEV
ER URANIUM MINE.SITE 

SKETCH 

JUNE, I 90 P. MOLLOY 



-~---~-----------~-.. 
WAST&: 1..UNTAINMEN I ANIJ HAZAKUOUS ~U8S1 ANCE IUtNTlflC.A TION 1 

SOUaCETYPE 
SIZE ESTIMATED 

SPEOFIC COMPOUNDS CONTAINMENJl SOUllCEOF 
(Volume/Ar••) WASTE QUANTITY INFORMATION 

Adi ts, 7.02 Acres Unknown uJouy205• 
Shafts 

Radon None Ref's # 3,4. 

Tailings 
Piles 125 acres 1880.3 tons U 30~).' 2o 5 • Rado ti None Ref's # 3,4,14 

" 

1 Ute Mditional t.heets if necesyry 
2 Evaluate cont.tnment of each tour<• from the perspective of ..ch migration fNlhw•v (• g .• ground w.iater pathw.iay - none .. ~1ent. na1u1al 01 

syntheli< liner, corroding underground storage tri; surface water· inad..,.te freeboard. corroding bulk tanks; air - unuab1lized slag piles. 

leaking drum,, etc ) 

4 



STRATA NAME/DESCRIPTION 

Entrada SS (Je) Sandstone, Reddish 
orange, JXXJr aquifer, man;>f!d with 
wingate sandstone in this area 
(Trw) 

Chinle formation ( Trc ) red heds, 
shale, siltstone. Sonsela 
sandsto1 ... is fair to 9XJ(i aquifer: 
water brackish 

~inaIUTp conglc:irerate (Trcs) sand
stone - conglanerate-nt..tdstone, 
orange to pw:ple. carprises an 
aquifer in sare regions. 

~kopi formation (T:rm) siltstone 
aoo sandstone, red to white 

San Andres LS ( Psa) dolanitic 
Lirrestone. Excellent aquifer north 
east and west of Zuni r-t:>untaills. 

I UM additi~ sfweU if MCflYry 

TABLE2 
HYDROGEOLOGIC INFORMATION1 

THICKNESS 
(h.) 

0-50 

1600 

100 

50 

100 

DEPTH TO WATER 
(ft.) 

N/A 
I 

150 

1950 

N/A 

1900 

HYDRAULIC 
CONDUCTIVITY 

(<mlse<) 

10 - 3 to 10-5 

.. 

l Identify the trfM of diuontinuity within four·mile1 from the Mt• (e.g., river, 1trata ·pinche' out·. etc ) 

TYPE Of 
OISCONTINUllYl 

None 

ltlne 

I' 

I• 

SOURCE Of 
INFORMATION 

Ref's H 3,5, 

6, 8 

.. 

If 
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REFERENCE # l 

-

. 
NAVAJO SUPERFUND orncE 

BROWN VANDEVER URAN-
IUM MINE REFERENCE 

MATERIAL 

MAY •qn p MllTfl'V 
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&EPA POTIMTIAL HAZARDOUS WASTI SITI IDIMTIPICATIOM 1 ·~•0• 1 llTI IHlllHA 

MOTl1 n. laitl&l tdnc.tflatiQe of • potnUll 1lt• • lacide.c ahocalcl 10C be iaterp1eted •• 1 ftodl"I of Wei!'l 
actlvttr or coeli,.atioa tllet ea actual 1'ealt1- or eariroa.menttl t.lareat Gilt.I. All iclefttiOttd 1itH wi 
M aueue4 udtt the EPA'• Huardou Wute Site EalotCNeat ud R•ponN Sy1t•• to cletermiM lf 
a hu.rclou wal'lt paobln ectvally esi1te. . 

... liTI ....... I. IT~llT ,.., _,,.., ,...,..,,,~ 

BR:lVN URANit..t1 MINES 35 21' 02· : 107 56 1 25• 
r. CtTT 0. ITATI , •• 1 t .. C:OOI I'' C:OVMTT ...... , PREWI'IT ?'Ii 87045 M:J(!NLE'f . 

Q. OWllllllVO .. l•A TO• (II ... _, ......... 1 •· Tll.l .. MO"IC 111\IMeCA 

WILLIAMS AND THOMPSON, BROWN VANDEVER (UNKNOWN) 
M. TYllll 0' OWNUlSloUlll (II..__, 

01. •IDCU&. 0 &. ITATI 0 J. COUNTY 0&. MUMICl .. AI. 6'J L J•1vATI O•· VNll:MOWN X 7. TRIBAL 
I. llTI DllCIUl'TIO• 

An abandoned urani\.JTl/vanadiun mine located approximately 1/4 mile fran residence. Site 
located on ledge of Haystack f·buntain. Tailings used to backfill one ad.it. cpen and 
second adit. 

J. MOW l.OUIT.,11 Cl (I.•., dllH1t'e ....,1.-1•, o-... c.l1•n•"' •II.) , •• OA'rl IOlllTl,110 ,_ .. .,, • ,.,.J 
WINtSHIELD SURVEY ni 1.,~ ion 

&.. IUMlllAltY O• ll'OTllllTIAI. 0" ICNOWM ••OIL.11111 

Maxinun reading of 400 uR.-l on North tailings pile by ac:lit. Tailings spilled 
into drainage southeast of north ad.it. Adits presently used as.trash dtnping areas. 

.... Rl~A•l~IN,0 .. MATIOtl 
, •• , ............. •1.1'1 .. &• 1 •· 04 ,. «--- .,, • "'" . .. ..... .... 

PATRICK ~LLOY I NAVA.JO SUPERFUND OFFICE 602/871-3153 Feb. 26, 1990 

,,. ,_ 2010 ... cs.all 
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REFERENCE #2 

NAVAJO SUPER.FUND O~CE 
BROWN VANDEVER URAN
IUM MINE REFERENCE 

MATERIAL 

MAY •cin o Mnrr.,v 
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Per lads ot PrOOucUati 
NU'!t:ler ."Une """'- Tor\a Or• P<::l.tr>1a Ufla \Ufla Po..inca vi05 wi05 1'ype of l)eopool 1 t. tto.t. Aod< Shipper 

I I JN.9W.20. lll ,.., .. Tq> Ml.ne 

·I 
~08. 261 512.965 e.H 144,619 aan:l.9taw J.,, !954-!9S7 - Laa !w:plO<", 

IJN.l~.4.244 Pat - Sect Im 4 5,069 12. 645 e. 12 2,478 aandat.one 
1957-Holly K.lnera.U a. 

Jl!'W,Kd 1952-1959 - Oe.kot.a I'll.fl 
( Cllt.);ot.a l'llnt I Co.r 1962-196l-FatTi.I 

!3N.9W .19. 420 l Pol .on Ca '¥J'I 
lti.ri"9, Inc. 

217 ,066 l.004,574 0.2l Jl8,"94 sandstone Jl!l' 1952-1959 - Hay•t..ad< M< 
~lop>ent Corp.i 19! 
1962-rarrl• Ki.nee lnc 

l<lll. llW, 28. llJ ~ Olp Gf'O.IP 195 497 0.lJ 951 0.24 l!Jreetcne Jt 1952· l 953 - Nava ;o Dew 
(T Gre>JPI ment Co. r 1953-Fit&hut 

Cberrle 
!311.l~.16.134 Re<:! Po !Jlt loje 482 l.223 0.13 746 a.e7 l !Jre st.one Jt 1952-1955 - R.M. Shaw 
1411.llW.21!.144 Raj Top Huie• 165 J'l0 e.12 1,287 e.J9 11.zreataie Jt 1955 - Red Tq> Uranila 

14.H.9W.34.424 1Sandatane e.11 
Kln.lrq Co. 

1,934, 255 3. 540, 829 ..and.at.one Jl!'W I 959-196l - !'hill Ir-
Pecrole\J!I Co. 1 1963-19 
lklitl!d Nuclear Carp. 

lltl. 9W. L 200 1Seet1CI'\ 1 (I :ti-9W) 148,066 1, 699, 137 e.57 •and.st.aw Jnw 1967 - ~~, 1969 

lllUled t.h.roJqh c Ii ff aide 11.e~ and Nation 
1Stl.16W.3.332 Sect.ICI'\ 3 ( ISH-16W) 324 1,836 0.29 404 aandatone 

""" 
1957 - O\rinenMn and 

5.ant..a f'..-<:hriatenaen (coal) UrarU'-"' Co.1 l957·19S& 

·1 !lat.a Neet MJ.ne Ur&11iL.n Oo. 

UN. 1l!IW.S.144 Sec:tion 5 i l lH-H!IW) D 54 0.12 •&nd•t.Ol'W l'.d 1 'JSB - ...,•tvaco 
l.JH.9W.8.ll4 Sect.J.ai El ( l l~HM I 47. 8011 165,319 l!.17 ~ J"l> 195&-19611 - I.kilted Wt•t 

Spencer Shaft 1961 •Hyde and Ca.per 1 

196(Hl.O. Tr1wr 1966-
Ja1••,,. J. Gaxl• 

14H.H!W.19.244 1SecUon 10 (14.N-lllW) ua, 767 519,935 a.20 M.ndat.orw Jl!'W 1957-1962 - K..,....e !lucl 
1964-Hc:m!1take-Sap111 

... 1411. lilW.12 .411 1Sectiai 12 ( 141:1-l llW) 74, 975 211, 873 0.14 sandstone Jl!'W l %1 - Ardeucn O.velop 
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FIGURE 1-19-RADIOACTIVE OCCURRENCES IN McKINLEY COUNTY, NEW MEXICO 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

SITE NAME PRE\IJITT USEPA SITE NO. N~D98062277J 

DATE APRIL , , : 990 TIME LO: 00 am WEATHER CLEAR 
----~---------

PHOTOGRAPHER ? . :·10::...~CY ANGLE/DIRECTION_=-;; :::...E:::...· ._,. ---"'::::_:..::,; __ 

FILM TYPE ?OLr.2CIJ FRAME NO. .:. -------
DATA TAKEN WITH PHOTOGRAPH: *** :lONE *** 

1. Soil Sample 

2. Surface Water Sample 
3. Air Monitoring Device 

Reading: 
4 . Radiation Survey 

Reading: 

5. Deep Well Water Sample 

6. Photograph Below: \_• r.-- ,__ 

7. DESCR!PTION NW C0RN;:'3 t'iP -::: -:- ".'";:'I ~ .~>f'ih":J:YG Sl·;. 3~~P:E.::..5 ;,);Q 

CATCH~ENTS, NO PERSONNEL :~ SITE 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

SI TE NAME ??.EW I-:'':' 
~~~~~~~~~~~~~~~ 

USEPA SITE NO. T·\0':?80622773 

DATE AP?I_ :: i?90 TIME · J: '.i O 70 WEATHER 

PHOTOGRAPHER~?~.-"-'-::,=:::=,-==-·~'~~~~~~~ ANGLE/DIRECTION~?-'~~-·~--~·~~ 
FILM TYPE FRAME NO. 

DATA TAKEN WITH PHOTOGRAPH: "*"NC\ *** 

1. Soil Sample 

2. Surface Water Sample 

3. Air Monitoring Device 

Reading=~~~~~~~-

4. Radiation Survey 

Reading:~~~~~~~-

5. Deep Well Water Sample 

6. Photograph Below: . -~ 

7. DESCRIPTION Ni\' CCRNi='R ·:::: :::-"'!'.' :nn;.;:'.rrc -· ::r~·~c.: 

DR~·:ING RIG AND :AGOCNS 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

SITE NAME ~AYST~CK 3ACKGROU~D USEPA SITE NO. 

DATE .-.?iUL ~ _. ~S-90 TIME :o: l.Sa::. WEATHER --'===-==·;;..;.::..~? __________ _ 

PHOTOGRAPHER ANGLE ID I RECT I ON 9 0 '.·l -------
FILM TYPE FRAME NO. 3 

DATA TAKEN WITH PHOTOGRAPH: YES . 

1. Soil Sample 
2. Surface Water Sample 

3. Air Monitoring Device 
Reading: _______ _ 

4. Radiation Survey 
Reading: ~,r·n~ pc.1::~ o_-:-,1R ... ·- -

• Li... - .. ESP-II 

5. Deep Well Water Sample 
6. Photograph Below: ~~s 

7. DESCRIPTION HAYS'I'i\CK ARE,";. REFEReNCE/BAC:<:GROUND C~EC::<: 

LOCl\T:::CN I LOOK:::!lG ~; 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

USEPA SITE NO. ~o: ASB:GN~J SITE NA.ME 

DATE TIME ~O: OCao WEATHER c:::..:;..R 
~"-=-"==""'---~~~~~~~~~-

PHOTOGRAPHER ~?_.~:.~~O~L~~-O~Y~~~~~~~~ ANGLE/DIRECTION 60 ~/~.JN;:: 

FILM TYPE ?OLAROID FRAME NO. 

DATA TAKEN WITH PHOTOGRAPH: *** NONE 

:::: .... ~ '.:._ -
\(,,/ -,- ·~ ·--~ --

1. Soil Sample 

2. Surface Water Sample 

3. Air Monitoring Device 

Reading:~~~~~~~-

4. Radiation Survey 

Reading:~~~~~~~-

5. Deep Well Water Sample 
6. Photograph Below: Y_s 

-~ i 

1 ., 

*"" * 

7. DESCRIPTION RESIDENCE TOCATIONS N OF HAYSTACK BUTTE. 

LOOKING NNW 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOO SHEET 

SITE NAME 3?.-::~-_r:,J /~.;r;DE\/ER C?1.1\Nir_7 ~.1 :-,i:t·JS USEPA SITE NO. 
~-----~---------

DATE TIME 'n: '"L;p WEATHER --:-r' .......... r:-""":. .... R __________ _ 

PHOTOGRAPHER A.NGLE/~IRECTION~'~n_·_··-,,~·''....._~-

DATA TAKEN WITH PHOTOGRAPH: ~ONE 

1. Soil Sample 

2. Surface Water Sample 

3. Air Monitoring Device 
Reading: _______ _ 

4. Radiation Survey 
Reading: _______ _ 

5. Deep Well Water Sample 

6. Photograph Below: y_s 

7. DESCRIPTION "OOKTNG ".""""'-T;-' 
- 'J ,. 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PH()'l'(X;RApff LOG SHBBT 

SITE NAME 3ROWN V.i\NDEVER URANIUM :>1INE USEPA SITE NO. NOT T\.3S:!:GNED 

DATE . .\?RIL J..2.,1990 TifWIE l0:25am WEATHER CLEAR 
-----==~----------

PHOTOGRAPHER ? . :.:oL:..CY ANGLE/DIRECTION _____ _ 

FILM TYPE ?OLAROID FRAME NO. 

DATA TA.KEN WITH PHOTOGRAPH: *""* :WNE **"' 

1. Soil Sample 

2. Surface Water Sample 
3. Air Monitoring Device 

Reading:~------
4. Radiation Survey 

Reading: ______ _ 

5. Deep Well Water Sample 

6. Photograph Below: f2S 

;: _,.... 

7. DESCRIPTION RESIDENCES W OF HAYSTACK BUT':'.:'E, LOOKit~G 

NE 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHBBT 

SITE NAME 3ROv-i'N 1/ANDE~/ER URANIUM ~'!INE USEPA SITE NO. NOT ASSIG~~ED 

l0:25am WEATHER CLEAR DATE APRIL ~l,1990 TIME 
-:;:.===..::.:..:~~~~---~~~ 

PHOTOGRAPHER __;?:..._:_·~'.~·IO~L~L~C~~~'------~ ANGLE/DIRECTION_.._~~D-c~,-~'~r~_,~~ 

FILM TYPE ?0LAROID FRAME NO. _...:..7 ____ _ 

DATA TAKEN WITH PHOTOGRAPH: YES 

1. Soil Sample 

2. Surface Water Sample 
3. Air Monitoring Device 

Reading: ______ ~ 

4. Radiation Survey 

Reading: f,\)QL[J~1ii19-?4uR.:tr l :: ESP-II - 2.2 

5. Deep Well Water Sample B, c··G...,!:l" 1 ~ ) A :::--. !:\.V , L\~ U 

6. Photograph Below: ·,,_- ss 

7. DESCRIPTION 'I'RENCH CUT NNE OF B. VANQPVPR .f'SS!f/PJI'-' 

LOOKING NE. NOTE FRM!PS 8, 9, l 0 ~t\KEN .;7 Si\/TP 'n-

CATION 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

SITE NAME 3?.0WN 'f.::..NDEVER U?.ANIL'~·1 >HNE USEPA SITE NO. NOT ASSIGNED 

DATE A?RIL ll,l.990 TIME l.0:25am WEATHER --.C=S=E~A~R~~~~~~~~~~ 
PHOTOGRAPHER ? . :'.c::..::.,cy ANGLE/DIRECTION 7r'i c "''"'f-' 
FILM TYPE ?OLA?.CID FRAME NO. 8 

DATA TAKEN WITH PHOTOGRAPH: YES, SEE .:\A:,IE 1 

1. Soil Sample 

2. Surface Water Sample 
3. Air Monitoring Device 

Reading=~~~~~~~ 

4. Radiation survey ( x ) 

Reading=~~~~~~~ 

5. Deep Well Water Sample 

6. Photograph Below: ·::·::s 

7. DESCRIPTION TAILINGS FROM INCLINED l\DI'I' IN F'RA:·IE l.2, 

LOOKING NNE 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOO SHB!T 

SITE NAME 3ROWN '.iANDEVER CRANHJ:-1 ~lINE' USEPA SITE NO. NOT ,'\SSIGNED 

DATE ~PRI: ~l.~990 TIME l0:2Sam WEATHER _,;;;:;C~L~E~AR~~-~~-~-~~ 

PHOTOGRAPHER ~~~~~·~:~·IO~L~L~C~Y'-------- ANGLE/DIRECTION 8: .·:--_..:;.._-=----
FILM TYPE. ?1JL.\?.CID FRAME NO. 

DATA TAKEN WITH PHOTOGRAPH: Y:::s' SEE f? __ :._;;s 7 

1. Soil Sample ) 

2. surface Water Sample ) 
3. Air Monitoring Device 

Reading:~-~---~ 

4. Radiation Survey x) 

Reading=~----~~ 
5. Deep Well Water Sample 
6. Photograph Below: YES 

7. DESCRIPTION ;.Jrr>. 7AYLOR AS REFERENT IN FAR RICH'::' 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

SITE NAME 3ROWN ··/ANDEVER T)?.ANIUM ~HNE USEPA SITE NO. NO? .'.SS IGNED 

DATE ~PRIL -~,i990 TIME ~0:2Sam WEATHER ._..;;;;C~S~E~A~R'--~~~~~-~~~ 

PHOTOGRAPHER ? . :·lOL:..CY A.NGLE/D.IRECTION_-'--, o,,_·_' """". :.,....;?·'"""l~'----

FILM TYPE :?OLARC·ID FRAME NO. .:. 0 

DATA TAKEN WITH PHOTOGRAPH: '!ES, .3EE f?.A~·lS 7 

1. Soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading:~-----~ 
4. Radiation Survey 

Reading: ______ ~ 

5. Deep Well Water Sample 
6. Photograph Below: 

- ,. 
.J..--'···-

7 .. DESCRIPTION \lARrr::;;;;::: R'..3:i:DENCES AT CENTER ~;rcou::-

GROU:-m LOOKHJG :,;m:: 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

SITE NAME 3ROWN i/,i\NDE\TER URANIUM ::.!INE USEPA SITE NO. ~··..:::;O...;;,i_:.,:.\.:;;:.S.:::..S..::..:;:'-':::.c,...~:.:.;rn;;:.!o:::...,. 

DATE APRIL ::,1990 TIME l0:25am WEATHER .__;;,C=L=E~A=R~--~~~~~------
PHOTOCRAPHER ~?_. __ '._'.O_L_:_o_Y_______________ ANGLE/DIRECTION __________ ~ 
FILM TYPE ?()LARCIJ FRAME NO. 

DATA TA.KEN WITH PHOTOGRAPH: *** NONE "'** 

1. Soil Sample 

2. surface Water Sample 
3. Air Monitoring Device 

Reading:~----------~ 
4. Radiation Survey 

Reading: ____________ __ 

5. Deep Well Water Sample 
6. Photograph Below: NO 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

SITE NAME 3ROWN VANDEVER C::ZANIU'.'-1 :.!INE USEPA SITE NO. NOT :"\SSIGNED 

DATE ~PRI::.. Li,1990 TIME i0:2Sam WEATHER CLEAR 
---=="""'"-'--~------~ 

PHOTOGRAPHER ? . :10L::..C'! ANGLE/DIRECTION · · n · '"''"' 

FILM TYPE ?OL\?.CID FRAME NO. -~' .... '-----

DATA TAKEN WITH PHOTOGRAPH: YES 

1. Soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading:~-----~-
4. Radiation Survey ( x ) 

Reading: ~coLU'·i=l9 21u2.:-ir-1 : ·a FACE C'F .:\DI~ 

5. Deep Well Water Sample 
6. ?hotograph Below: :cs 

7. DESCRIPTION INCLINED ,\DIT N OF 3. ifTINDEVfB £';'STDf"1'iCr:-, 

.'.:..OOKING NNW 



I 
I 
I 
·1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

SITE NAME 3ROWN 'IANDEVER ':?.AN I UM t.UNE USEPA SITE NO. NOT ."\SS ::GNED 

DATE APRI: ~::_,::_990 TIME ::.o:2Sam WEATHER _..;::.C=L=E:A:.:.;Ro..::._ ________ _ 

PHOTOGRAPHER ? . ,;.;o.::..::..cy ANGLE/DIRECTION j;: ')[ 

FILM TYPE ~)LA~OID FRAME NO. 

DATA TA.KEN WITH PHOTOCRAPti: "'*" :JONE *** 
1. Soil Sample 

2. surface Water sample 

3. Air Monitoring Device 

Reading:~------
4. Radiation Survey 

Reading:~------
5. Deep Well Water Sample 

6. Photograph Below: v_5 

7. DESCRIPTION ?.YR TRENG{ ,;No ';J-1,:;:;:,rNGS PI:l.,E SSE OF p~ 

CLINED ADIT LOOKING NE 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

SITE NAME BROWN VANDEVER CRANit:'.·1 ~·HNE 

PHOTOGRAPHER 

FILM TYPE ?CLA.rtCID FRAME NO. 

DATA TAKEN WITH PHOTOGRAPH: YSS 

1. Soil Sample 

2. Surface Water Sample 
3. Air Monitoring Device 

Reading:~~~~~~~ 

4. Radiation Survey 

USEPA SITE MO.NOT ~SSIGNED 

ANGLE/DIRECTION~~~~~~ 
- 4 

X) 

R d . g. ' R . - 1 ' - "Dr u· .. ' 0 ' ea ln .. .:.m.:1r - 1 , ,·L ',·1;:_.__ 1 

5. Deep Well Water Sample 
6. Photograph Below: ··::-c:: 

7. DESCRIPTION ORE St1£-1PLE "HOT ROCK" 
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DATA TAJ<EN WITH PHOTOGRAPH: YES 

1. Soil Sample ( ) 

2. Surface Water Sample ( ) 
3. Air Monitoring Device .. { ) 

Reading:~~~~~~~-

4. Radiation Survey ( x ) 
Reading: 3 5 OuR. hr-l (LUDLUM# 19) @ EDGE OF " 

5. Deep Well Water Sample ( ) 
6. Photograph ·Below: YES 

----~ i ,: / 
,1 ·-· 

' i ": 1 I 
.I ~ ~ ' -· . 

I S"iJt ~(2. 
,Q 

.. ___ 
7. DESCRIPTION TRENCH AT CENTER MIDDLEGROLJ!JD ' 

"LOADING BAY", LOOKING N OF NNE 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

SITE NAME BROWN 'I AND EVER CRAN I UM ;·!INE USEPA SITE NO. NOT .'-.SS :;:c;r~E:J 

DATE APRI~ ~l,1990 TIME ~0:2Sam WEATHER _.;;;:,C=L=E~A=R~~~------~~~--
PHOTOGRAPHER ~?;_;_·~~~lO~L~L~C-'Y~~--------~

FILM TYPE ?OLAROID FRAME NO. 

DATA TA.KEN WITH PHOTOGRAPH: Y2S 

1. Soil Sample 

2. Surface Water Sample 
3. Air Monitoring Device 

Reading=----------~~ 
4. Radiation Survey ( x ) 

Reading: 3 SOuR' hr- 1
.: =-.::.:oLU:·l=' 19) a EDGE OF "::.,Oi\O.Li:G ...., .... '( .~ . ' 

.:).C'.i.l. 

5. Deep Well ~ater Sample 
6. Photograph Below: ~Es 

7. DESCRIPTION TRENCH i\T CEN'i.'ER ·"!IDDLFGROPrJD re:: nsf 
"LOADING BAY" LOOKING N OF NNE 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHB8T 

SITE NAME BROWN VANDEVER fJ.?{ANIC\.1 '.lJNE USEPA SITE NO. NQ'T' Ass-i::;~:::-::i 

DATE ,.;PRII .. ll,1990TIME ll::..Sam WEATHER C:r.ft\R '":'Q S'.TGH,,.,rv rwp,c;s~ 

PHOTOGRAPHER P. ;.\CL LOY ANGLE/DIRECTION 4 5 ° ''F 

FILM TYPE POLAROID FRAME NO. 

DATA TA.KEN WITH PHOTOGRAPH: * * * NONE * * * 
1. Soil Sample 

2. Surface Water Sample 
3. Air Monitoring Device 

Reading:~------
4. Radiation Survey 

Reading: ______ ~ 

5. Deep Well Water Sample 
6. Photograph Below: ~ES 

7. DESCRIPTION DRATqAGP. r; nf TAILINGS PILES, LOOKING 
_ _E_tri.;...' _______________________ _ 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

SITE NAME 3ROWN VANDEVi:"?. f.'?.ANlt''' '.JTNE USEPA SITE NO. MOT ~55I~~~c 

DATE APRE. ~l,l990TIME ~:::LSam WEATHER 1~~~;,R '":'n c:7.-cw:i"" mri:-ac;.s~ 

PHOTOGRAPHER ? . :·IOLLJY A.NGLE/DIRECTION_JJi.Q 0 

FILM TYPE POLAROID FRAME NO. 

DATA TAKEN WITH PHOTOGRAPH: 'lES 

1. Soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading:~~~~~~~ 

4. Radiation survey ( x 
Reading: SEE BSL0\•1 :N DESCRIPTION 

5. Deep Well Water Sample 
6. Photograph Below: '::'SS ' EXTFLZ\ E'RA>lE 

;-'""f...dr-') ' &, ;-' ,___ ' 

&4;;;-(.1'1: H OF JJ(2£b N AG-..t:-

7. DESCRIPTION ~OUTH CF DRAINAGE. :AILINGS P~LE ON PIGP~, 

ESP-II REj;OINGS: 3f'JOUTH - S ( 104) · (a MIDWAY PAS':' -::',"\ILI:lG 

- 6.5(1041; 9END OF TAILINGS - 3.25(104)· ALL F«El,DI:iG5 

IN cpm., LOOK~NG W 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEBT 

SITE NAME 3ROWN V.ll.NDE'J=:~ "RANF''-l '.lT\JF USEPA SITE NO. riQT ;.,;;;;: 'C~EO 
DATE .:..P::tIL .:_:,l990TIME .:_.:_; lSa;;' WEATHER c~.;:-C'\B '7''! sr !GHT" Y. r·v':'=>C~£':' 

PHOTOCRAPHER ? . \lOL.::..c·:: 
__.;._;__;..;;....;;;;;.;;..~c__~----~~ ANGLE/DIRECTION c.p 0 . :.; __ _ 

FILM TYPE ?SLAROID FRAME NO. 1 ------
DATA TAKEN WITH PHOT(X;RAPH: YES 

1. Soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading:~-~-----
4. Radiation Survey (X 

Reading: G. s ( ::_ 0 4 l C:)m (ESP- ::: I) IN DRki: NAGE BE:LO\v c:::Ji".R 

5. iJeep Well Water Sample 'I'REE ( 

6. Photograph Below: -~-

7. DESCRIPTION 
OF TAILINGS PILES(SE2 DIAGRAM ON FOLLOWING PAG[I, 

LOOKI~JG N 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

SITE NAME 3ROWN VANDE'/='R ;,;?.ANI'".1 ·.1 TNP USEPA SITE NO. t.iCT i/.SSrC!l£D 

DATE ,;,PRII.. :2.,~990TIME ::..::..:a.;n WEATHER CY'='1\2 ,...,,., sr!GH'T'~v t'\if'='gr~;.s...., 

PHOTOGRAPHER ? . ~!OL::.C'.'. ANGLE/.DIRECTION ?n, .'::'.'\!;::' 

FILM TYPE ?O~AROID FRAME NO. 

DATA TAKEN WITH PHOTOGRAPH: 
1. Soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading:~~~~~~~-

4. Radiation Survey 

Reading: ~ ~1104·--~'='SP --) 
.) • ~ l I. '- v ! .. ' - - l l. 

5. Deep Well ~ater Sample 
6. Photograph Below: 

x ) 
..l 3CND Itl WASH 

7. DESCRIPTION G;'-''V1 ::J)TF'.\1E'T'F3 BFADING DOUN DRAINAG::: 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHBET 

SITE NAM! 3RClv'N '/ANDE~/ER CRANIUM 'HNf USEPA SITE NO. ~OT ,)SSTt;~II:IJ 

DATE APRIL :..1, 1990 TIME .:..1 i l5am WEATHER r· ::-r,R '7'1"'1 C:T,TGH'T'T v '"''l-='::w;,c:r" 

PHOTOGRAPHER ? . :·!OLLOY ANGLE/DIRECTION_ _ ---
FILM TYPE ?C~AROID FRAME NO. 

DATA TAKEN WITH PHOTOGRAPH: SKE':'CH, OF E FLO\HNG LJR.;INAGE 

1. Soil Sample 

2. surface Water Sample 
3. Air Monitoring Device 

Reading: 
4. Radiation Survey 

Reading: 

5. Deep Well Water sample 

6. Photograph Below: *** 2<0NE *** 

,/ 

TAI:.INGS /', CEDAR ?REE 

* * 

* *-
:.\C C'"TH ::rm·JAY _.,,:etm 

* 

* RADIO~E?RIC READINGS ~AKEN 

7. DESCRIPTION SKETCH OF DRAit~AGE 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

SITE NAME 3ROWN VANDEV::R U?.ANIUM MTNE 

DATE ,;PR.I: 2.2-,2.990TIME 2-l:lSa;;; WEATHER CE,\R c-.n c•;GH'"'."rv ,~,,.::-or;;s:; 

PHOTOGRAPHER ?. >lOLLOY ANGLE/DIRECTION is;,"/~: __ 
FILM TYPE ? 1JLAROID FRAME NO. 

DATA TAKEN WITH PHOTOGRAPH: YES 

1. Soil Sample 

2. surface Water Sample 

3. Air Monitoring Device 

Reading=~~~~~~--:-

4. Radiation Survey j ( x 
Reading: 2. J ( 1c4) C8m (CSP I:::) :9 ENTR1\NCE ':10 ':'RENCH 

5. Deep Well Water Sample 

6. Photograph Below: 

, 2\ -fU t- 1 ;. 

1

1 \ , .. •'<-
,- . I ) l \ l I/ \ 

c_-r'<'.E:LiC"--" "" '.:To\ 1 

7. DESCRIPTION TRENCH QUT NE OF B. VANDEVER RES., SEE 
ACCOMPANYING SKETCH lou FOLLOWING PAGE, LOOKING ~. 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

SIT! NAM! BROWN VANDEVER URANIUM MINE USEPA SITE NO.NOT ASSIGNED 

DATE APRIL 11,1990 TIME 10:25am WEATHER __,C~L=EA~R-------------------
PHOTOORAPHER P. ~lOLLOY ANGLE/DIRECTION _____ _ 

FILM TYPE P0LAROID FRAME NO. 'IO r:'o;.,··F" 

DATA TA.KEN WITH PHOTOGRAPH: ::;;::;:: ?!?EVICUS fRA~·lE 

1. Soil Sample 
2 .. Surface Water Sample 
3. Air Monitoring Device 

Reading: ____________ _ 

4. Radiation survey ( x ) 
Reading: ___________ _ 

5. Deep Well Water Sample 
6. Photograph Below: * * * s s::::Tc:: *** 

GRElJCE 
C""' u l. 

N 

* - 2.5(104)q:;r;-i 

FOR:C!ER ORE 
PILE 

* 

----··-· ".-~ 

7. DESCRIPTION SKE'.:'CH OF TRENCH CUT NE er B. v. !:{ESIDEcKC 
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FIT PH01'0GRAPH LOG SHgt 

SITI NA.Ml BROWN VANDEVER URANIUM MINE USIPA SIT! NO.NOT ASSIGNED 
DAT! APRIL 11, 1990 TIMI ,,;_;,""':"'r'n"'1ncdl!ATKER CLEAR 

---~---~~~~~~~~~~ 

PHOTOGRAPHER _,_;P~·;.....;.M~O~L~L~O~Y~~~~~~~ AllGL!/DIRECTIOM_...?~0-"_1~:~~~~ 
FIU1 TYPB FOLAROID FRAME NO. 20 

DATA TAKEN WITH PHOTOGRAPH: *** :JONE *** 
1. Soil Sample ( ) 

2. Surf ace Water Sample ( ) 

3. Air Monitoring Device ( 

Reading: 
4. Radiation survey ( 

Reading: 
5. Deep Well Water Sample 
6. Photograph Below: ·~.SS 

7. DESCRIPTION REFEPJ'NC2 FRAME - GEOLOGY/FORi·lA':::'IONS 

PP.ESENT 1a Hf\YSTl\CK BUT'i'E, LOOKING N .. SEE FOLLOW:NG 
! 

ANNOTATED PHOTO FACSIMILE 
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FIT.PHOTOGRAPH LQG SHBI% 

SITB NA.Ml BROWN VANDEVER URANIUM MINE USBPA SIT! l'IO.NQT ASSIGNED 

DATB APRIL 11, 1990 TIMI AFT"RNCOt!WBATHER ....-.C""'L ... EAR""'"""----------

PHOTOGRAPHER P. MOLLOY AllGLB/DIRBCTION 2 1 c · . s 
FILM TYP! F()LAROID FRAME NO. _.;;:.2.;;:...0 _' __ _ 

DATA T AJ<EM WI TH PHOTOGRAPH: ... * * ~,lo ~J E 

1. Soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading: ______ _ 

4. Radiation Survey 
Reading: ______ _ 

s. Deep Well Water Sample 
I 

6. Photograph Below: 

*** 
( 

( 

) 

) 

~l 

I 
I 
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:-!ORRJ:SON 
? D RMI\ 'I' I 0 N 

Ir..::.,: Js 

~-o 1!:L Fe. 
lB-(DL,) 

NAVAJO SUPERFUND orncE 
BROWN VANDEVER U?.l\H _,_ u:-l ~.1::,~L 

::.,ocAL GEOLOGY: P.i\TRICK 

,,NTONIO, NSO S~~\c'N.ROLC 
GIST TO P. MOLL ictJ\ 

~ 

,;.?RI:..,'90 
..., 

:-~OLLC".:.' 
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FIT fHOTQGRAPH LOO SHBI% 

SITB ftAMI BROWN VANDEVER URANIUM MINE USIPA SITB llO.NQT ASSIGNED 
OATB APRIL 11, 1990 Tnm A.;7'l'RNQ(IT:i1EATHBR _cL_EAR __________ _ 

PHOTOGRAPHER _,...;P;...•;......;.M.;.;O_L....,L....,O...;;.Y_______ MGLB /D IR.!CTION 2 o o ' 'IJS\v 
FILM TYPE FOLAROID FRAME ffO. 

DATA TAKEN WI TH PHOTOGRAPH: ** * :w NE 

l. Soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading:~-----~ 
4. Radiation Survey 

Reading: ______ _ 

5. Deep Well Water Sample 
6. Photograph Below: 

21 

*** 
l . 

) 

) 

7. DESCRIPTION 3. 'J,~.tJDCVER CU':'FIT RESIDENCES, LOOKING 
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FIT PHOTOGRAPH LOO SHiit 

SIT! KAMB BROWN VANDEVER URANIUM MINE USBPA SIT! JllO.NQT ASSIGNED 

OATB APRIL 11, 1990 TUii AF'::'::::RNOONWEATHER _.._CL=-EAR=.:..----------

PffOTOORAPHER P. MOLLOY .MGLE/OIRECTIOft o /-------
FILM TYP! FOLAROID FRAME NO. 22 

DATA TAKEN WI TH PHOTOGRAPH: YES 

I 

l. soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading=~------
4. Radiation Survey 

Reading: ~asrt''"'rrc:p-T7') 1a 

s. Deep Well Water Sample 
b. Pho~ograph Belov~ 

( 

) 

) 

( x } 
EDGE OF ROAD 

7. DESCRIPTION "HOT ROi\D" WEST OF 8. V. RESIDENCES, SUE-

FACE WORKS \'{i\S"'P DT•r:-s '(l RIGHT ~HDDLfGanr•rm. \!T, ?,\Y

LOR @ UPPER LEFT BACKGROUND AS REFERENT 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHll'T 

SITB NAME BROWN VANDEVER URANIUM MINE USIPA SIT! llO.NOT ASSIGNED 
OATB APR IL 11, 19 9 O TIPll WEATHER __...CL .... EAR:;;;;;,;;;;.-_. ________ _ 

PHOTOGRAPHER P. MOLLOY AIGL.8/0IR!CTIOft ') ~ r 0 ''·' 

FILM TYPE pOLAROID FRAME MO. 

DATA TAKEN WITH PHOTOGRAPH: *** NONE *** 
1. soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading: ______ _ 

4. Radiation Survey 
Reading: 

5. Deep Well Water Sample 
6. Photograph Below: YES 

I - ----

ING W 

) 

) 

{ x ) 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHiit 

SIT! ftAMI BROWN VANDEVER URANIUM MINE USBPA SIT! JllO.NQT ASSIGNED 

DA.TB APR! L 11 , 19 9 0 TIME Af'':' r-'RNor NWEATHER __...CL=EAR=-------,-------
PHOTOCRAPHER P. MOLLOY ANGLE/DIRECTION ' J 5 ° "'iVi 

FILM TYPE P0LAROID FRAME NO. ~~)~'----

DATA TAJ<EM WITH PHOTOGRAPH: *** L'WNE *** 

1. soil sample ) 
2. Surtace Water Sample } 

3. Air Monitoring Device 
Reading: 

4. Radiation Survey ( x ) 
Reading: 

5. Deep Well Water Sample 
6. Photograph Below: 11 2s 

N, ADIT IS BARS~D 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHBU 

SITB ltAMB BROWN VANDEVER URANIUM MINE US!PA SIT! PIO.NOT ASSIGNED 
OAT! APRIL 11, 1990 TIMI AF':'SRNOCiil'EATHER --.CL_.E ... AR.-.... ________ _ 

PHOTOGRAPHER P. MOLLOY AltGLE/OIRECTION 3' ·c;' ·o:-~::-

FIU1 TYPE ?OLAROID FRAME NO. 25 

DATA TAKEN WITH PHOTOGRAPH: * * * :JONE *** 

1. Soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading: ______ _ 

4. Radiation Survey ( x ) 
Reading: ______ _ 

5. Deep Well Water Sample 
6. Photograph Below: 

-·~---~ ~-

~:; .. 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PffOTQGRAPff LOG SHll1' 

SITB NAiii BROWN VANDEVER URANIUM MINE USBPA SITB !IO.NQT ASSIGNED 
DATE APRIL 11 , 19 9 0 TIPIB Af,_,'-' 3 :mo ~JIEATHER ___ cL .. E=AR.;:.;... ________ _ 

PHOTOGRAPHER P. MOLLOY MGLB/DIRECTION 3 50 '" /E CF C::Si: 

FII..11 TYPE ?JLAROID FRAME NO. _____ ?""'6 ___ _ 

DATA TAKEN WITH PHOTOGRAPH: *** NONE *** 

1. Soil Sample 
2. surface Water Sample 
3. Air Monitoring Device 

Reading:_~-----
4. Radiation Survey 

Reading=--~----
5. Deep Well Water Sample 
6. Photograph Below: YES 

( 

( 

( 

) 

x) 

-, 
i 

7. DESCRIPTION SURFACE \WRKS WSW OF BI v I RES I ( T.00?-:I~g:; 

E OF ESE; NOTE ~T. TAYLOR IN FAR LEFT BACKGROUND 

,.S REFERENT 
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FIT PHOTOGRAPH LOO SHBIT 

SITI NAME BROWN VANDEVER URANIUM MINE USIPA SITB 1'0.NQT ASSIGNED 
OATB APRIL 11, 1990 TUii 8.E'""::OO)\JQ(',t~THER CLEAR -~TGH µn. zv rLocos 

PHOTOGRAPHER P. MOLLOY MGLB/OIRBCTIOIC 20 '° 1 ;; OF ENE 
FILM TYP! P0LAROID FRAME NO. __ )...__ __ _ 

DATA TAKEN WITH PHOTOGRAPH: YES, N0':2 ViRITTEN DOWN 

1. Soil Sample 
2. surface Water Sample 
3. Air Monitoring Device 

Reading=~~~~~~~ 

( ) 
( 

4. Radiation Survey { x> 

Reading: . 50wJLhr-1. ( ;,'.;DLC'f'i#1-9), io4c9m( ESP-II; 

5. Deep Well Water Sample * * \ A~PROXI:·lA':L'E * * * 

6. Photograph Below: YES 

~~·· .. :· 

7. DESCRIPTION SURFACS ;voRKS \\TSW OF B. v. BEf .• SEE rnr.-"J\·J-

ING SKETCH LOOKING E OF ENE 
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FIT PH01'QqtAPH LOG SHBIT 

SIT! ftAMI BROWN VANDEVER URANIUM MINE USIPA Sl'l'I RO.NOT ASSIGNED 
OAT! APRIL 11, 19 90 TIPfB ---- WEATHER __,CL=EAR;;;;;;.,;;;..__ ________ _ 

PHOTOGRAPHER P. MOLLOY MGL!/DIRECTIOI. _____ _ 

FILM TYP! pOLAROID FR.A.MB NO. 

DATA TAKEN WITH PHOTOGRAPH: *** NONE *** 
1. soil Sample } 

2. Surface Water Sample 
3. Air Monitoring Device ) 

Reading: 
4. Radiation Survey {X ) 

Reading: 
5. Deep Well Water Sample 
6. Photograph Below: ':'.ES I SEE Sf\E?C~ 

,• 

/ 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

SITE NAME BROWN VANDEVER URANIU.::1 '1INf USEPA SITE NO. ~OT ~SSIC?il.EO. 

DATE APRIL :..l,1990 TIME 1.l;l5am WEATHER c~,EriR '711'1 e:::r.TGH'T'rv Qlffl.1"AS7 

PHOTOGRAPHER ? . ~·IOLLCY ANGLE/DIRECTION s::::E: :KETCH 

FILI1 TYPE ?OLAROID FRAME NO. 

DATA TAKEN WITH PHOTOGRAPH: *** NONE *** 
1. Soil sample 

2. Surface Water Sample 
3. Air Monitoring Device 

Reading=~~~~~~~-

4. Radiation survey 

Reading:~~~~~~~-

5. Deep Well Water Sample 

6. Photograph Below: ·!ES 

29 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHBET 

SITE NAME 3ROWN VANDEVER l~BANIIT\1 '-lINE USEPA SITE NO. NOT ;.5s;:;;<;;NEO. 

DATE APRIL l.2., 1990 TIME L: lSa.m WEATHER rr r;..a "'" ::;r.\GHrr>• y QU1:"J;<Ci:+S'7' 

PHOTOGRAPHER ? . >!OL;:..oy 
-~~-~~-~-~~-- ANGLE/DIRECTION r:;:-s SKE'=CP 

FRAME NO. _lO. _ FILM TYPE ?OLA~OID ----
DATA TAKEN WITH PHOTOGRAPH: 

1. Soil Sample 
*** NONE *** 

2. Surf ace Water sample 

3. Air Monitoring Device 
Reading: 

4 . Radiation survey { x 

Reading: 
5. Deep Well Water Sample 
6. Photograph Below: YES 

7. DESCRIPTION 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHBBT 

SITE NAME 3ROWN V.A.NDEVER t.JRANIU\l '-lINE USEPA SITE NO. ?::JOT ;,sslc;~I.EC 
DATE APRIL 2.l,2.990TIME "' , .. - WEATHER CE~B - J.. & l~am '>'("\ q TGE:I:' Y .. c'l:z~ac~ c:'7' 

PHOTOGRAPHER p . ~!OLL<JY ANGLE/DIRECTION-2.f.E S KEr~'C:-'. 

FILM TYPE ?OLA.KO ID FRAME NO. 31 

DATA TAKEN WITH PHOTOGRAPH: 

1. Soil Sample 

2. surf ace Water Sample 

3. Air Monitoring Device 

Reading: 

4. Radiation survey { x ) 

Reading: 

5. Deep Well Water Sample ) 

6. Photograph Below: YES 

7. DESCRIPTION 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHBBT 

SITE NAME BROWN VANDEVER URANIUM MINE USEPA SITE NO.NOT ASSIGNED 

DATE APRIL 11.,1990 TIME .2:3Dpm WEATHER CLEAR~" c:;-,:cHrv '''TfPp,c:'"'."' 

PHOTOGRAPHER P. MOLLOY ANGLE/DIRECTION :::::'."]'.:' ::::i;l"'"'"'t: 

FILM TYPE ?OLAROID FRAME NO. ---""'-3..._2 ___ _ 

DATA TAKEN WITH PHOTOORAPH: * * * NOUE * * * 
1. Soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading:_~~~~~~-

4. Radiation survey 
Reading: 

5. Deep Well Water Sample 
6 . Photograph Below: ~ ? ,..... ,_ 

.:...r:....~ 

-

x) 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTCX;RAPH LOG SHEET 

SITE NAME 3ROWN VANDEVER \.1 ;!,ANIITM :i INE USEPA SITE NO. NQ'1" :issit;;~TJi:O 
DATE .:;PRI: Ll,l990TIME ~2.:;,Sam WEATHER C,fl\R '7'n SI.iGH'l':v 

PHOTOGRAPHER ~?~.--'-!~!O~L~L~C~!~·----~--~~-- ANGLE/.DIRECTION_ -----
FIL.M TYPE POLAROID FRAME NO. 

DATA TAKEN WITH PHOTOGRAPH: SKETCH 

1. Soil Sample ) 

2. Surface Water Sample ) 

3. Air Monitoring Device (. 

Reading=~-------------
4. Radiation Survey 

Reading: SE:E BELOW 

5. Deep Well Water Sample 

6. Photograph Below: *** NOKE *** 
FRAME 30 

/ 

·---. 
;::.-

/, 

i 
I 

_,. __ ------

~ 
\ 

--. .. 

** -------

\ 

~ FRANE 31 

cE::-- FRAME 2 9 

-:::-
~... fRAHE 28 

t:'SD-T"'."· 2 t:;(lQ4) 

~ # l 9 ~ ... ~ 2 0 ~ ~ . hi- - 1 

FRAME 27 

FRAHE 2S * RADIOMETR:::C READINGS ASSOCIATED 
WI?H FRAME 27 

7. DESCRIPTION SKETCH OF AREA WHERE RADIOMETRIC READINGS 

WERE ~AKEN NC SCALE 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

USEPA SITE NO. NO'::' ;,:.::e; .:::=:J:.::v 
DA.TE i\.PRI:.. :.:, 1 990 TIME AFTj'.:'::n1oonWEATHER c~ i:-.e,s T\l ;:; L TGt.JT:.. y (YfERC\$;:' 

PHOTOGRAPHER 

FILM TYPE 
ANGLE/DIRECTION 1.35 1 :n-1 

FRAME NO. 3 3 -------
DATA TAKEN WITH PHOTOGRAPH: YC:S 

1. Soil Sample 

2. Surface Water Sample 

3. Air Monitoring Device 
Reading: _______ _ 

4. Radiation Survey (X 

R d . ·o Rh -1r-··D1u· 1 "19\ ·o4 ,_s""' __ , ea l.ng: L U "r . LU .','7- , , .L Cf)w\ 1::. r-J..:. J 

5. Deep Well Water Sample ) FACE OF SHACK 

6. Photograph Below: YSS 

7. DESCRIPTION B. VANDEVER TIMBERED SHAFT. SHAFT AT AN iu-

CLIXATION \. 7 l 0 ° FROL·i VERT:i:CAL, CIRCUU\R APER'.l.'URE 

ON S FACING WALL IS WIRFD OVFR BUT WIRE IS EASI~Y 

t<EMOVFD, SHAFT ASPIRATES, "300 FT. DEEP" 8. V. TO 

1'. ~·!OLLOY, APRIL l ,1990 

' I . t: . 
\ 

. ..__...,.· 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOO SHBIT 

SIT! NAME BROWN VANDEVER URANIUM MINE US!PA SIT! MO.NOT ASSIGNED 

DATE APRIL 11, 1990 TIMI AF'l"?SNOr/N WEATHER CLEAR 'T'Q sr, IGH'Pr,y OVERCAST 

PHOTOORAPHER P. MOLLOY AlfGU!/OIRECTION ') 5 o; :\04\J 

FILM TYPE ?OLAROID FRAME MO. 

DATA TAKEN WITH PHOTOGRAPH: *** no NE *** 
1. 

2. 

3. 

4. 

5. 

6. 

Soil Sample ( ) 

Surf ace Water Sample ( } 

Air Monitoring Device ( 

Reading: 
Radiation Survey (X 

Reading: 
Deep Well Water Sample 
Photograph Below: YES 

33 f±L :f-Q_. 

( \) f.t-.. 1..:r. $ ~ ... · _.)::: i"rr'" I /) If i ·' ) V.-11::..L tl...>U.. • 

7. DESCRIPTION ;!ERTICA.L '!J=:tJ6TT,AjTQN SHAf'"T'S ( 2 l ' ;:.J('C:'71r'f'\; 

BROWN VANDEVER Z\,..,., RIGHT :'1IDDLEG£S.OUND. SHAF""S "3 0 Q 

PT. DEEP" - B. V. '1:10 P. APR L 11 1990 ~C0K-
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOO SHBIT 

SITE MAM! BROWN VANDEVER URANIUM MINE USIPA SITI PfO.NQT ASSIGNED 

DAT! APRIL 11, 1990 Tlf'm j.\f'T'l='RNOON WEATHER CLEAR TO ;: T1IGH'T'T y 0VERCAST 

PHOTOORAPHER p. MOLLOY A.NGLB/OIRECTIOM 0 I ::" __........____, __ _ 
FILM TYPE ?OLAROIO FRAME NO. 

DATA TA.KEN WITH PHOTOGRAPH: *** ~lONE *** 

1. Soil sample ( 

.2. Surface Water Sample ( 

3. Air Monitoring Device ( 

Reading=-------
4. Radiation Survey 

Reading: _ ...... ,1....,0.,..r>i-.&----

s. Deep Well Water Sample 

6. Photograph Below: YES 

(X 

) 

'. 

7 . DESCRIPTION _.:::.D~RA~· .;::.I~::.:.:· J 1;.;:.;i G::::.:E=-· __,:=-· ....;;O:;..:;F---"'B:...:.·----:..v ....... A...,,N=D=E·..._,,=ER .......... R"'"'E""'s..__:::._.o""'E"""'i ,,_,.' c'"""E._..., __ 

FLOWS APPROXI:.lATELY S !='. NOTE i'l!T. ':'AYLOR IN i\!IDDLE 

BACKGROUND AS REFERENT. 
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NAVAJO SUPERFUND DEPARTMENT 

. FIT PHOTOGRAPH LOG SHIU 

SITS NA.MB BROWN VANDEVER URANIUM MINE USEPA SITE NO.NOT ASSIGNED 
DATE APRIL 11, 1990 TIME AfrrrsNOON WEATHER CLEAR ""O SLTGHTTY .~,V"'?.C.:'.\ST 

PHOTOGRAPHER p. MOLLOY AlfGL!/DIRECTION I :i '/ilNE 

FILM TYPE ?OLAROID FR.ME NO. ___ 3_5 __ _ 

DATA TAKEN WITH PHOTOGRAPH: "'** t'JONE *** 
1. Soil Sample 
2. surface Water Sample ) 
3. Air Monitoring Device } 

Reading:~-----~ 
4. Radiation Survey (X 

Reading:_~'~·JC~r~Jc_· ___ _ 

5. Deep Well Water Sample 
6. Photograph Below: YES 
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NAVAJO SUPERFUND DEPARTMENT 

PIT PHOTOGRAPH LOG SlfBIT 

SIT! NAM! . BROWN VANDEVER URANIUM MINE USBPA SITS NO.NOT ASSIGNED 

OAT! APRIL 11, 1990 TIME Af'T'PRNOONW!ATHER CLEAR 'T'Q SLIGHIT v OVERCAST 

PHOTOGRAPHER P. MOLLOY A.NGI.!/OIRECTIOlf 'n" "'· 1 ;:-

FILM TYPE P0LAROID FRAME NO. ___ ,...._ __ _ 

DATA TAJ<EM WITH PHOTOGRAPH: *** ~10NE *** 

1. Soil Sample 
2. Surf ace Water Sample 
3. Air Monitoring Device 

Reading: 
4. Radiation Survey (X 

Reading: '1(] T' 

5 . Deep Well Water Sample 
6. Photograph Below: YES 

7. DESCRIPTION ~lA':S'::'l\CK CO>!~·!UNI'::'Y RESIDENCE SL_;RVEY. \·;r·fr:' 1'F 

HAYSTACK BOT':'C. 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PffOTCX!RAPH LOG SHiit 

SITB MA.MB BROWN VANDEVER URANIUM MINE US!PA SIT! 1'0.NQT ASSIGNED . 

. OAT! APRIL 11, 1990 TIME Afrri='RNOONWBATHER CLEAR Tn SLIGHTLY OVERCAST 

PHOTOGRAPHER P. MOLLOY A.NGL!/DIRECTION , .,,. 

FILM TYPE P0LAROID FRAME NO. _....,,....,7 ___ _ 

DATA TAKEN WITH PHOTOGRAPH: ""** NONE 

1. Soil Sample 
2. surface Water Sample 
3. Air Monitoring Device 

Reading:_~-----
4. Radiation survey 

Reading: __ ,;.i,.:.;n..J,,:;~·J..t.1r ___ _ 

5. Deep Well Water Sample 
6. Photograph Below: 

-- .. -~ / 1". I i \ 

OF HAYST~CK BUTTS. 

* *,. 

{X 
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NAVAJO SUPERFUND DEPARTMENT 

PJT ptpfQCRAPll L0a SHlft 

SITB "AMI BROWN VANDEVER UBANIUM MINE USIPA SITI NO.NOT ASSIGNED 
DA.TB APRIL 11,1990 TIPll A.FTi::RNOONWEATHBR CLEAR mo SLIGHrs OVERCASl' 
PHOTOGRAPHER P. MOLLOY AlfGL!/DIR!CTIOff : n n , ,,~~"·' 

FILM TYP! pOLAROIO FRAME HO. 

DATA TAJ<EM WITH PHOTOGRAPH: * * * NONE. * * * 
1. Soil sataple 
2. Surf ace Water sample 
3. Air Monitoring Device 

Reading: 
4. Radiation Survey 

Reading: \1£1~'.C' 

5. Deep Well Water Sample 
6. Photograph Below: YES 

OF 1L\YSTACK BU'I'l'rc. 

) 

( ) 

( ) 

(X 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOQRAPll LOO SHiit 

SITB MAM! BROWN VANDEVER UBANIUM MINE USBPA SITB llO.NQT ASSIGNED 

DAT! APRIL 11,1990 TIMI AFTt=:RNOONWEATHBR CLEAR TO SLIGHTLY OYERCASl' 

PHOTOGRAPHER P. MOLLOY MGLB/DIRBCTIOll · , :: .. i\rr.i 

FILM TYPE I?OLAROID FRAME NO. __ P..__ __ _ 

DATA TA.KE1' WITH PHOTOGRAPH: *** NONE *** 
1. Soil sample 

2. Surface Water Sample 

3. Air Monitoring Device 
Reading: ______ _ 

4. Radiation survey 
Reading: \T (": i\'. 7'.' 

5. Deep Well Water Sample 
6. Photograph Below: YES 

OF HAYS~ACK BU~~E. 

(X 

} 

) 

} 

) 

~· ~- ·-- ·' /,. t .;'{ [ -
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOQRAP11 LOO SHBl'f 

SITB NA.MB BROW?-4 VANDEVER UBANIUM MINE USIPA SITB RO.NOT ASSIGNED 

OAT! APRIL 11,1990 TIPIB A.FTF.RNOCNW!ATHBR CLEAR TO SLIGHTLY OVERCAST 

PHOTOGRAPHER P. MOLLOY MIGLl/DIRECTIOll 2 4 o · _ ~ 
FIU1 TYPE PGLAROIO FRAME MO. _ _......4o ___ _ 

DATA TAKER WITH PHOTOGRAPH: *** NONE *** 

1. Soil sample ) 
2. Surface Water Sample ) 
3. Air Monitoring Device 

Reading: ______ _ 

4. Radiation survey 
Reading: __ ·.....,'n...,~ ..... 7----

5. Deep Well Water Sample 
6. Photograph Below: YES 

OF HAYS?ACK BUTTE. 

(X 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHiit 

SITE NAKI BROWN VANDEVER URANIUM MINE US!PA SIT! NO.NOT ASSIGNED 

OAT! APRIL 11, 1990 TIME AF'T'l="'RNOQNWEATHER CLE.AR mn c:r,TGHTT y AVERC.;S? 

PHOTOGRAPHER P. MOLLOY ANGLE/DIRECTIOff ') n n ~ '''le;\\ 

FILM TYPE ?OLAROID FRAME NO. 

DATA TAKEN WITH PHOTOGRAPH: * * * ~10NE. * * * 
1. Soil· Sample 
2. Surface Water Sample ( } 
3. Air Monitoring Device ( ) 

Reading:_~~~~~-

4. Radiation Survey (X 

Reading: _ _,,;~1o,i.;,t~ff .... , __ _ 

5. Deep Well Water Sample 
6. Photograph Below: Yss 

' 

7. DESCRIPTION \·JELL.' E:':'-552 DUE \'i CF HAY.S';r'\CK 3U7T;:: 

1.4 mi.; WELL NOT FUNC':'IONAL 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOO PRt 

DATB ',!AX . : ! ~ 9 90 TIME l); H/rm WEATHER BROKEN CLOUDS' ;:~liDY 

PHOTOGRAPHER AMGL!/DIRECTIOft ~so 0
. '\·: 

FIU1 TYPE FOLAROJ:D FRAME NO. 

DATA TA.KEN WITH PHOTOGRAPH: * * * :JO * * * 
1. Soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading:~~~~~~~ 

) 

) 

4. Radiation Survey x ) 

Reading=~~~~~~~ 

5. Deep Well Water Sample 

6. Photograph Below: i.'<.;::T>D uu L E C' 3. -,,-,~~DI::vc;: ,..=, I::' 

/ 

~ .· . 
! 

---&dllw....ti..__,..J..._ ____________ ,___J 

7. DESCRIPTION NOTE R.t:S::::::n::NCES ON HORIZON, ::.,ooK:::NG \: 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOO mqprz 
.L 

SITB NAME 3RC:~J 'l-'\NO['./ER ur\ANIU:! :;J:NE USIPA SIT! IO. ~~oT ,1.ssrc~:;:o 

OAT! ·.'.:,y : ' ; · ·.ap TIME 

PHOTOGRAPHER .. r.:r; AlfGL!/DIRECTIOJf 64: h.;r:; 

FII.J1 TYPE FRAME NO. ") 

DATA TAKEN WITH PHOTOGRAPH: YES 

1. Soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading:~~~~~~~ 

4. Radiation Survey· 

} 

) 

Reading: ~poqr:.1::19 - ::i.l\NGE: -~ 22uR.h;:-l. 

5. Deep Well ~iiter .gamp)~C: l. i - )2 · 5 ( 10 4 ) c;;m 

6. Photograph Below: :::::::<f\I0JAG:::: ::;w _F ~; .. _./\NDE'JI:R CRJ'J~:;:::._;:.~ .:i_ •• :__ 

7. DESCRIPTION ~HGRl\TION OF RADIOACTIVE ~LZl,.TERIAL ACRCSS 

ROi\D UNCERTAIN DUE 'i'O RAoro,-;cTIVE :-tATERI;;L DEPOS I'.:.' _D 

ON ROAD DURING HAULr:·c OPERATIONS. NOTE SHEEP GRAZI~G 

IN FIELD, RIGHT CE::NTER r·IIDDLCGROUND. 
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NAVAJO SUPERFUND DEPARTMENT 

PIT PHOTQGRAPR LOO SHUT 

SIT! NAiii ;;;,~c:m ''NIDr'JrP rn'.?L>NTw1 'TPJF USIPA SITE lfO. r;;i'r ·.c;c::-r::''" 

OATI >!AY ~- ~990 TIME 2;n0i;1ri WEATHER asn"pr coripc: ';:-~.ir;v 

PHOTOGRAPHER ? . :.1or.~cy AMGL2/'DIRECTION ;20 '.';:;;;; 

FRAME NO. 3 

DATA TAKEN WITH PHOTOGRAPH: YES, SEE PREVIOUS FRA~!E 

1. Soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading:~~~~~~~ 

4. Radiation survey ( x ) 
Reading:~~~~~~~ 

5. Deep Well Water Sample 

6. Photograph Below: ,_:-c·~~T INUAT H)N OF DRAI NAGr:: S\1; 
·1ANDE:'/:7:R fj?.ANH::-! :'!INE 

-~ 

7. DESCRIPTION ROAD l:S OLD HAULAGE ~OAD 

•. · '1 l•. 
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REFERENCE .,, 

! 

NAVAJO SUP~RFUND orncE 
3ROWN VANDEVER URAN-
::UM ~LINE REFERENCE 

>!ATERIAL 

:.:.;y •on 'J •.t(); ~ ·'': 
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-1-

Hine spoils calculations for the 8rown Vandever uranium mine 

.l.. 

2. 

From frame #15 of Ref ~3 and field notes page #3 (Ref 
#14) consider that the tailings pile has the 
geometric shape; 

I 

A : g __{_2ft. deep 

4 . 5 ft ,..-i;..--+-'-'- : 00 yd ---- 5 yd / 
deep 1 ~ 

" l 7 5 id T 
f 
f Plan view, no scale 

----1 10yd 

It follows that 

and 

VA= ( 525ft. l ( 30ft.: (4. Sft. J 

= i . 0 9 ( 1 0 . 4) f t 3 

VB= (570ft. )(15ft.. + 525ft>'\4.5ft. + 2ftl 
-..,-( "'"2 ..... ) ----- { 2 ) 

=5(10~ft 3 

The combined geometric volume is; 

Vgeo= 5.7(10 S)ft.3 or Vgeo=l.62(10 lP:m 3 

3. Compensate this volume for void volume overestimate to 
obtain; 

c: 

Assume_~hat th~ perce-tage of u3 o8 within this ~olume 
.1s :0 % whereby; 

Vu308=1 .13 ( 106) cm3. 

.. 

~rem general ass~mptions, the density of u3o8 
was found to be 23.26 gm. cm-3 Applying this quantity 
to volume of U309 find 

Hu309=2.63(104)kg 
: 30 tons 

NAVAJO SUPERFUND OFFICE 
BROWN VANDEVER URAN
IUM MINE 

MAY, I 90 P. MOLLOY 
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NAVAJO SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 
-2-

SIT! NA.MB HAYSTACK BACKGROUND USEPA SITE MO. NONE 

DATE APRIL ll, 1990 TIME '0: 15am WEATHER _C.:.L=-E=AR=-----------

PHOTOORAPHER ? . MOLLOY ANGLE/DIRECTION 9 0 ° /N 
--~---

FILM TYPE ?OLAROID FRAME NO. 3 

DATA TAKEN WITH PHOTcx;RAPH: YES 

1. Soil Sample 
2. surface Water Sample 
3. Air Monitoring Device 

Reading: _______ ~ 

4. Radiation Survey <x 
Reading: ·,rJDU!M#l 9-?l!R hr-1 .. ESP-II-7(1Q3)cpm 

s. Deep Well Water Sample ) 
6. Photograph Below: YES 

7. DESCRIPTION HAYSTACK AREA REFERENCE/BACKGROUND CHECK 

LOCATION, LOOKING N 
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" ) 

~" . 
r-......' NAVAJO SUPER.FUND orncE 

NAVAJO - BROWN VANDEVER 

URANIUM ~1INE LOCATIO?~AL 

REFERENCE r>!AP FRAGMENT 

\1A y' I ? 0 ?. :-1.0LLOY 

) 

lhT·, 
/ w 

I 
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FIT PHOTOGRAPH LOG SHBRT 
-4-

SITE NA.ME BROWN VANDEVER URANIUM MINE USEPA SITE NO.NOT ASSIGNED 

DATE APRIL ll,1990 TIME :o:25am WEATHER ......._C=LE=A=R:.::.-~~~~~~~~~ 
. PHOTOGRAPHER P. ~10LLOY ANGLE/DIRECTION ; a 0 /::-•ff 

FILM TYPE ?OLAROID FRAME NO. 

DATA TAKEN WITH PHOTOGRAPH: YES 

1. Soil Sample 

2. Surface Water Sample 
3. Air Monitoring Device 

Reading:~~~~~~~ 

4. Radiation Survey 

7 

x) 

Reading: ::..UDI.L":-·=~9-24113.hr-l :: ESP-II - 2.2(104) 
5. Deep Well Water Sample ) BACKGROUND 9 8 v ;..~DEVE:R 

6. Photograph Below: Y::s 

,,,,,_,___ _____ ·-~------- -~----. 

7. DESCRIPTION ?RENCP cum ~iNE OP 9. VANQFUPR Ri;;S Tn?\J\!:' 

LOOKING NE. NO~E FRN!ES 8, 9, 10 TAKEN i\.':' SA~-~r:' ·-

CATION 
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FIT PHOTOGRAPH LOG SHBIT 
-s-

SIT! NAME BROWN VANDEVER URANIUM MINE US!PA SITE 1'0.NQT ASSIGNED 

DATE APRIL 11,1990 Tifl!E 10:25am WEATHER ....-C=L=EAR;;.;;:.;..~~~~~~~~~-
PHOTOGRA.PHER P. MOLLOY MGLE/DIRECTIOlf 70 ° INNE 

FILM TYPE ?JLAROID FRAME NO. 

DATA TAJ<EN WITH PHOTOGRAPH: YES, SEE FRAME 7 

1. Soil Sample 
2. surface Water Sample 
3. Air Monitoring Device 

Reading: 
4. Radiation survey ( x ) 

Reading: 
5. Deep Well Water Sample 
6. Photograph Below: YES 

' 
I 

7. DESCRIPTION TAILINGS FROM INCLINED ADIT IN FRANE 

LOOKING NNE 

, ~ 
..L ~ I 
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NAVAJO SUPERFUND DEPART 

FIT PHOTOGRAPH LOG SHBBT 
-5' 

SITE NAME BROWN VANDEVER URANIUM MINE USEPA SITE 
DATE APRIL 11,1990 TIME 10:25am WEATHER CLEAR 

PHOTOGRAPHER P. MOLLOY ANGLE/DIRECr 

FILM TYPE pOLAROID FRAME NO. _3 ----

DATA TAKEN WITH PHOTOGRAPH: YES, SEE FRAr-1E 7 

1. Soil Sample ( ) 
2. surface Water Sample ( ) 
3. Air Monitoring Device ( } 

Reading:~~~~~~~ 

4. Radiation Survey ( x } 

Reading:~~~~~~~ 

5. Deep Well Water Sample ( ) 
6. Photograph Below: YES 
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FIT PHOTOGRAPH LOO SHEET 

-6-
SITE NAM! 3ROWN VANDEVER URANIUM ~!NE US!PA SITE NO.NOT ASSIGNED 
DATE APRIL ll,1990 TIME :0:25arn WEATHER _.;::;,C=LE::::.:A:.:.:R~--------
PHOTOGRAPHER __:?~.;_;_~1~0~L~L~O~Y ______ _ ANGLE/D IRECTION . '. · o 0 /'Pfo' 

FILM TYPE ?O~AROID FRAME NO. ' ") 

DATA TAKEN WITH PHOTOGRAPH: ·~ss 

1. Soil Sample 

2. Surface Water Sample 
3. Air Monitoring Device 

Reading:~------
4. Radiation Survey ( x ) 

Readl·ng· rio'r".::±'o _ ?'"" ,..,_-1. '.a • -Y 'ri ' = u:\ 11 .i.L.1.. • _ 

5. Deep Well Water Sample 
6. Photograph Below: 

.. -rri..J.-
;- ·-· .;-. r? .. ,.., ,. I"-- .. 

7. DESCRIPTION INCL.I NED ,\DIT N QP 8. VANDeVT-;B OfSTD:r.Nc=-, 

LOOKHiG NNW 
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FIT PHOTCX;RAPH LOG SHEB'T 

-7-
SITE NAME BROWN VANDEVER URANIUM ~INE USEPA SITE NO. NO':' ASSIGNED 

DATE APRI~ ::,1990 TIME :o:25am WEATHER __ c=L=EA~R--~~~~~~~~~ 

PHOTOGRAPHER P. ~10LLOY ANGLE/DIRECTION :o '/N ::;: NNE 

FILM TYPE _?OLAROID FRAME NO. ~~~~::;~~~~ 

DATA TAKEN WITH PHOTOGRAPH: ·~·:::s 

1. Soil Sample 
2. surface Water Sample 
3. Air Monitoring Device 

Reading:~~~~~~~ 

4. Radiation Survey ( x ) 

R dl'ng· ~-a R ;....--~ •·nnrr•,,JJ.101 • ·Cl ea • j J ij, , . ; !, - ' ;_, ,_· L);,,,. l).'J 1' ~ ./ I • ·- EDGE OF '':.OADING BAY" 

5. Deep Well Water Sample 
6. Photograph Below: YES 

7: DESCRIPTION ;:'R;:.'NCH .:-..T CE:N'l'ER :-.noDLEGR0£JfJD -:-~ ORf:' 

"LOADING BAY" I ::..OCK1:NG :.J OF NNE 
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FIT PHOTOGRAPH LOG SHEET 

-7'-

SITE NAME BROWN VANDEVER URANIUM MINE USEPA SITE 
DATE APRIL 11,1990 TIME 10:25am WEATHER CLEAR 

PHOTOGRAPHER P. MOLLOY ------------- ANGLE/DIREC1 
FILM TYPE P0LAROID FRAME NO. 15 __ .;...__ __ _ 
DATA TAKEN WITH PHOTOGRAPH: YES 

1. Soil Sample ( ) 

2. Surface Water Sample ( ) 

3. Air Monitoring Device ( 
Reading: ______ ~ 

4. Radiation Survey ( x ) 

Reading: 350uR.hr-l(LUDLUM#l9) : @ EDGE 

5. Deep Well Water Sample ( ) 
6. Photograph· Below: YES 
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6. 
-8-

F rom frames 25 through 32 (Ref#3) and page 15 of Ref 
#14 field notes (sketch of area) the following 
dimensions are obtained; 

L .. 2640ft. 
and 
w•l320ft. utilize the geometric mean of these two 
values to compute the area: 
r 2 ((~.64(101J(l.32(10~))~ ft. 

:.186~ft. so that 
A':;: fT'r = 1 . 1 { 10 7) ft 2 

2 251 acres 

7. Assume that 50% of this area is covered with tailings 
with a mean height of 2.5 ft: The corresponding volume 
computes to be; 

V geo= (. 5) ( 1. l ( 10 7)) ( 2. 5) ft 3. 
=l.28(107)ft3. 

8. Compensate this volume for void volume overestimate to 
find 

. 7V geo=9. 63 ( 10 6) ft 3 

9. Assume that the fraction of U30 8 within the tailings is 
the o rd e r o f 10 - 4w he r e by , 

.. , 

VUJOS~ 9. 36 ( 10 2) ft 3 .. 2. 7 3 ( 10 7) cm 3, 

10. Apply the density of 23.26 gm.cm to the abov• volume 
to find 

M uJos=6. 35 ( 10 5) kg. 
:700.1 tons 

11. Combining quantities from 10. above and the previously 
obtained ·1alue of 2.63(104) kg. and utilizing the 
empirical u:v ~atio from reference # 2 find 

~f u3 08 ,..,,_, · 19 

Hv2o5 - · 30 

solving for Hv2o5 find 
H v 2 c 5"' 1 · S 7 9 H u 3 o 8 

=1.579(6.613(105) )k:;J 

= 1. 04 ( 10 6) kg 

12. Combining totals for Hv2c5 and MuJo8 find 
H v 2 o 5 ,.. H u 3 o 9= 1 . 7 ( 10 6 l kg 

: 1880'. 3 tons 
Resulting in hazmat QF of 7 NAVAJO SUPER.FUND OFFICE 

BROWN VANDEVER URAN
IUM MINE 

P MllT T/1' 
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19'J8 - --.... lllf.Sllil.1.114 Set.I.en a ( 1 :111-'JWI 41 ... 165, 119 1.11 ~ J!llp 1,,..1,. • I.hit.Id~ 

· .. Spnc:ec Sha ft. 19'1-ffvdil ll'ld Cupm' I 
19156-41.0. TTlPPI 1966-
J-J.~ •i 1s.icucn II (14H-11!W) 141!1. ll!W.18.244 138, 767 519, 915 1.29 aandlt.cre ~ 1957-1961 -~ ~l· 

1Sectit:ln 12 { 14tHllWI 

1964-ffc:Jn!!at&lr.e-S<ipl.J\ 

14a.11M.U.41l 74' 975 211,873 a.14 ~ Jw 1961 - Ar&m1cl'I Clew lop 
Olc'p.1 1962·196l-StAlL 
DyMn. 

•r 1411.18W.15.441 I S«t.it:ln 15 1.213,814 J,62S, !n4 1.15 ......w..cn. - 1958-1961 - ~tallMll 

(14'1-U!IW) 19'1-1'65-llio .rd,.,_.. 
.u11..-Sap.ln1 1 '66-196t-
Hr::JmsW.-~ 19ff-I 
!Ntal Nucl~tM 

•1 
14M.9N.11.J2l 1S«:l:..1.m 17 (l 41MW) 544, 164 2, ll5, 182 1.21 ~ 

,., 1,,..1964 - ,.._ lb:l• 

- -.• ll11.11W.18.l4l'lecti.m 18 ll»-1•0-lS.7'6-91,17'- 1.19 - 7',l4l 

O:rp.1 196S-19~ 

I.JI ti..t.in J\ l~ •Mt.en.~ 

Unlilln AJ.~I wtUi-r 19S>-41ll11-
l 9SS-Sll'IU r. IJrMillll 

:I 1 "6-s..nt.a ,. 11nn.l \19 • 

l'96el: al Uran!""' l 9Sl-1 
fldeAl Ur'ani\1111 19111·1 

·. ~ 
Mt• IWUtiq 0o. I 1966-<: 

1s.ct1an II 11~1 
Kin.l.nq ():). 

·1 IQl.'JW.19.408 !>aL,W l, 586, 447 8.16 A6l1dllt.cnt Jllw 1962-1964 -~ lluch 

ld.ne:I tl\rouQh S4C. 17 1965-19~ 

i4H.!ld.29. ll4 1s.::ucn 29 114N. 9W) 486, 375 2. :1:u,9n 1 • .u ~ Jllw 1"2-ll:a~ 

~ 
111.r.:! t.hraql s.:. l 7 

1411. 18W. 22 • 22.l l.s.::t1er1 22 l.189' 151 11,685,672 t.18 ~ Jiii l "'"''""' -~ lt.ICl• 

1 
(1•1ew1 hMp lMdl 38,115 1'6S-19~ 

•r 1w.1ew. n.; 34 $«.'t.l.Q'I 21 2. sn. 797 t,679,nl t.19 Ml'dlttaw 
,_ lt5t-ltM - ~t.IM>-tla 

(1411-1.•ll 
1.,..1~ 
ll.cltll.l' 

lllf.111W.ll.444 s.c:w:.n l J (1 :W-111111) 21,1126 138, S4l ll.l2 11,256 O.M l~ Jt 19'7-1965 - Hay1Udl lb.I 
CleY!tlcpN!nl ecrp., 196!!. 
1966-knt.a r. hr:! tic I lllf.W.24.121 Sealcn 24 (llll-9WI II, 9'!il 37,693 1.17 ~ Jllp 1969-1963 - r .oc:o Ml.nm. 

- OUU lfllla, IUalt.o 
" ~ ( s.:tit:ln 1J} 

- l.lll.lllf.24.211~ 24 (llH-llWl- l4.~- US,"75...._ 8.U - 85,S45 1.18 11-ftO!lll Jt. 19S2..,l 9S4 • GIM Vlll LAln 

·~ 
Irdi&n "1 t~ t.0 

1955-1 956-Sant.a ,. Uran 

!lllN-ll-llah Vard<lwr 
l 9SS-rederal uuni\.19 Ct> 
Sant.a r. U'l'Wlal l ~ 
r..s.ru uraru<R corp. 

1411. lilW. 24. Jll 15ec'tlai 24 1, 994, 582 7 ,"71,564 8.19 llllldJtaW """' 19'9-1964 - ll'.4tl"M'O'.lM 

(1411-lll!otl 
lluele&rl 1965-19~?" 

·1 Heep IMC!\ S79 ~ 

llll.UIW.25.4ll 1Ser:t.l.al 25 ( 13111- UM) 235, 156 9S8,IS8 1.211 ISl,657 t.12 lil:lntaw Jt 19S2 • AT It'd SF 1llb 19' 
1'61-+layet.tdt -.aU\ ! 

~ 
... 1~ o:rp.1 1963-1 
Sant.a h Pe<:itle1 l'.16l· 
ratT11 111..-, 1nc:., 196 

•1 
1965-llanta re Paclfle• 

- 1966-f'uTh PU.-, Inc. 
l96&-llare1t.alt•1 l'l169-19' 
~Ud Nucle&r o:rp. 

14.11.lOW.2~.l+t lSealDn 2S l, 791,IMS 6,444,89') e.1e ~ Jw l 9'5t-l 969 • lbl!IHluko-Sao 

·~ 
I 1411-UIWI 

1969-197t-lb!'l!ll~ 

~lMr 

__:=,, lll!l.lli'IW.26.lll_JSect.im 26 11»-li!lWl- 11,111- 83,752 - f.38 - 17' s 18 - ••• - l l.iflHU:'l'W Jt. lt5l•1957 - II.VOii\ MU.I 

0. l dloro G """"P 1'65-19111 • ~r~ 
14't.UIW.:16.22t 1~1.m· 26 ( \41+-JJIWI 362, 1 ll 1,198,696 9.17 ~ 

,_ 

I, •Md thrll>4\ 
Sct.ian J4 

,_. 
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NAVAJO. SUPERFUND DEPART~ENT 

PIT PHOTOGRAPH LOO SJl!I% 
-9-

SITB KAMI BROWN VANDEVER URANIUM MINE USIPA SITI IO.NQT ASSIGNED 
DATB A.PR IL 11 ' l 9 9 0 TIMI AFT PR NOCLJiKA THBR ......;,:CL::.:EAR:.:::.:::._.. _______ _ 

PHOTOGRAPHER P. MOLLOY MGL.B/DIRECTIOR Ls Q 'E;::: 

FI I..M TYPE !:XJ LARO ID FRAME NO. _..:.2..;;;..5 ___ _ 

DATA TAl<EN WITH PHOTOGRAPH: "* * ~JONE ** * 
1. 

2. 
3. 

4. 

s. 
6 . 

Soil Sample 
Surf ace water Sample 
Air Plonitoring Device 
Reading: 
Radiation Survey 
Reading: 
Deep Well Water sample 
Photograph Below: '!ES 

) 

) 

( x ) 
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NAVAJO SUPERFUND DEPART1'!ENT 

FIT PHOTOGRAPH LOG SHBI% · 
-10-

SITB l'fAlim BROWN VANDEVER URANIUM MINE USIPA SITI 1'0.NQT ASSIGNED 

DATZ APRIL 11, 19 9 0 TIMI 4.f"'L'R nortJllEATHER _.;;;.;CL=EAR=----------

PHOTOORAPHER P. MOLLOY MGL!/DIR!CTIOK 350~/S OF ::'c: 

FILM TYPE ?OLAROID FRAME NO. 2 

DATA TAKEN WITH PHOTOGRAPH: * * * NONE * * * 
1. Soil Sample 
2. Surface Water Sample ( 
3. Air Monitoring Device { 

Reading: ______ _ 

4. Radiation Survey ( x) 
Reading: ______ _ 

5. Deep Well Water Sample 
6. Photograph Below: YES 

7. DESCRIPTIOM SURFACE WORKS WSW OF B. V. RES., ~COKING 

E OF ESE; NOTE ~T. TAYLOR IN FAR LEFT BACKGROCND 

,,5 REFERENT 
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FIT PHOTOQRAPR LOO SHBI% 
' 1 -..LJ..-

SITI ft.Altl BROWN VANDEVER UBANIQM MINE USIPA IITI lllO.NQT ASSIGNEQ 
DATI APRIL ll,1990 TUii Af''T't:'RNao~THBR CLEAR -4TGH r.re,zv CLouos 

PHOTOGRAPHER P. MOLLOY AJllGLl/DIR!CTIOll , n ° .1r: 11.r :::1E 
FI U1 TYP! FOLARO ID FRAM! PIO. __ , ..__ __ _ 

DATA TAKEN WITH PHOTOGRAPH: YES, 

1. Soil sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading: ______ _ 

) 

( ) 

( 

4. Radiation Survey < x> 

Reading: '501.l~.hr-l'. ·..:oLuM=l9), 104cpm( ESP-II) 

s. Deep Well Water Sample * * ~ A~PROXi:·!J'\':;:'E * * * 

6. Photograph Below: YES 

7. DESCRIPTION su?.FACt:" \vOR!'\S sysw OF B. v. ;:rs •• SEE ::-n~ ::.c:·i-

ING SKETCH :OOKING S OF ENE 
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NAVAJU SUPERFUND DEPARTMENT 

FIT PHOTOGRAPH LOG SHEET 

-l2-
SITE NAME 3ROWN VANDEVER r.1?.ANirl:-1 MINE USEPA SIT! MO. "1QT ASSIGW!i:C 

DATE APRIL l l, 19 9 0 Tif'!E l ~;:Sam WEATHER C.EAR rro sr iGH"T"r v prrl:'pc~ ST 

PHOTOGRAPHER -=-?~ . .....,;...;.~~O~L-~'r~-'~!------~ A.NCLF! ID I RECT ION_ -----
FII..J1 TYPE ?OLArtOID FRAME NO. 

DATA TAKEN WITH PHOTOGRAPH: SKE~C~ 

1. Soil Sample ) 
2. Surface Water Sample· ) 
3. Air Monitoring Device 

Reading:~-----~ 
4. Radiation Survey ;) 

Reading: SEE a:::::.c1v 

5. Deep Well Water Sample 
6. Photograph Below: *** ~~CNE *** 

/ FRA.\!E 30 

l ---=----~Jt. 
,,- \~ FEAME 31 

\ 

• 2S 17'11. 

\ 
'. 

\ 

\ FRA:\1E L ! 

FRA;\IE 2 5 

7. DESCRIPTION 

* RADIOMETRIC READINGS ASSOCIATED 
WITH FRAME 27 

SKETCY nr :\RFA i'JHi::'RE ~AD;'.~\!::"'"'"'3. :c 3;;;..;:n~·JGS 

WEEE T.;KFN, 'iC SC.11 r.£ 



I 
I 
I 
'I 
I 
I 
I 
I 
I 
I 
:1 
I 
I 
II 

I 
I 
I 
:1 
I 

.... - - . - .. 

FIT PHOTOGRAPH LOG SHBft 

-i3-
8ITB ltAMI BROWN VANDEVER URANIUM MINE USIPA SITI llO.NQT ASSIGNEQ 

DATI APRIL 11, 1990 TUii WEATHER _C.;;;L=EAR=:.--------

PHOTOGRAPHER --:.P~·-M~O~L~L~O~Y_______ Aftet.!/DIRBCTIOft~-----
FILM TYPE FOLAROID FRAME NO. 

DA TA TA.KEN WI TH PHOTOGRAPH: ** * ;JQ NE """ * 

1. Soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading=-------
4. Radiation Survey (X 

Reading: ______ _ /li: .. i::~ I A~(~ T 
. ' 

5. Deep Well Water Sample 
6. Photograph Below: 

/ 

7. DESCR I PTI Off _ __;i,S.w,EEJ;.....,..;5;;,..;. ::.:...:;·E;...;,T...:...C..;;i.H ____________ _ 
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NAVAJO SUPERFUND D~Ph~TMENT 

FIT PHOTOGRAPH LOG SHEET 

-14-

SITE NAME BROWN VANDEVER URANI'.':1 :1INE USEPA SITE MO. WO,,, ;; ss IC~lJi::~ 
DATE APRIL ll,l990TIME ll;l5am WEATHER CTEAR 'T'Q <::~TGH.,,rv "VfRC.i,S'"l" 

PHOTOCRAPHER ? . :"10L:CY ANGL.E/DIRECTION ::: ::::.: .::: :-::::'?C:-i 

FI I...M TYPE ?GLArtO ID FRAME NO. 

DATA TAKEN WITH PHOTOGRAPH: "** :~CN2 *** 
1. Soil Sample 

2. Surface Water Sample 
3. Air Monitoring Device 

Reading:~~~~~~~ 

4. Radiation Survey 

Reading:~~~~~~~ 

5. Deep Well Water Sample 

6. Photograph Below: '!ES 

29 
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~AVAJO SUPERFUNU u~~AHTME~T 

FIT PHOTOGRAPH LOG SHEB'T 

-15-
SITE NAME 9ROWN VANDEVER URANitJM MINE USEPA SITE NO. ~OT :iSS1:C~iO. 

DATE APRIL :~,1990TIME ll:lSam WEATHER er.FAR 'i"Q STIGHTTY Qllt:"pci:.s~ 

PHOTOGRAPHER ? . ~IOLLOY AMGLE/DIRECTION_:_;:::;::: :::~C:"."'.'...1 
FILM TYPE ?c::.,,;~QID FRAME NO. _J..Q. _ ---
DATA TAKEN WITH PHOTOGRAPH: *** ~;oNc:: *"'* 

1. Soil Sample 
2. Surface Water Sample 
3. Air Monitoring Device 

Reading: 
4. Radiation survey ( x 

Reading: 
5. Deep Well Water Sample 
6. Photograph Below: YE:S 

7. DESCRIPTION 
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NAVAJO SUPERFUND DE~ARTMENT 

FIT PHOTOGRAPH LOG SHBBT 

-16-
SITE NAME 3ROWN VANDEVER URANitIM MINE USEPA SITE NO. _wo .... T..._.o. .... s~s~I.-..c; .... ~1~:E: ..... o 

DATE APRIL l l, 19 90 TIME 11; l Sarn WEATHER _.c_.r....,r:-...,A....,B__._'i'o...._5..._.r_,;...,G ... H..._1'...,r .... y ....... ,..., ..... >"-ll'€;..i;2..._c.,..o,.._s..i..T 

PHOTOGRAPHER ?. ~OLLOY 
_;;._;_.:..:..;:..==;:;..,;;__~~~~~~~ AlfGL~/DIRECTION S2E 

FILM TYPE ?OLAROID F'RAME NO. 31 

DATA TAKEN WITH PHOTOCRAPH: 

1. Soi"l Sample 

2. Surf ace Water Sample 
3. Air Monitoring Device 

Reading: 
4. Radiation Survey ( x ) 

Reading: 
5. Deep Well Water Sample 
6. Photograph Below: YES 
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FIT PHOTOGRAPH LOG SH8£t 

-17-
SITB NA.MB BROWN VANDEVER URANIUM MINE USEPA SIT! NO.NOT ASSIGNED 

DATB APRIL ll,1990 TIME _2; 3n;;,m WEATHER CLEAR ._,..,n s•.TGJ.<'T'~v n11::-:w,;s-:-> 

PHOTOGRAPHER P. MOLLOY A.HGL!/DIRECTION C::::'t:' c::"..;'"',..,rµ 

FILM TYPE ?OLAROID FRAME NO. 3 2 ------
DATA TAJ<EN WITH PHOTOGRAPH: * * * ); ct; 2 * * * 

1. Soil Sample ) 

2. surface Water Sample 
3. Air Monitoring Device 

Reading:~------
4. Radiation Survey x) 

Reading: 

5. Deep Well Water Sample 
6. Photograph Below: • 't:' c:: 

r~~ 
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-18-

13. From page lb \Me~ #L41 o~ ~1e1a noces, a1rect quoLe o~ 

Mr. B. Vandever, ~Timbered shaft is approximately 300 
feet deep" and the personal observation that the shaft 
is approximately 5 feet square. The following 
surface area computation obtains; 

s =-4((5ft.)(300ft.)) 
•6,000ft2. 

It is assumed that the timbered shaft was not the 
primary shaft, but was a shaft driven for both mining 
and ventilation purposes to connect with the Nana-a-bah 
Vandever mine which is approximately 2400 ft. Scu~hest 
of the timbered shaft. 

14. From page #6 of field notes (Ref #14}, direct quote of 
Mr. B. Vandever and page #2 of field notes, direct 
quote of Mr. B. Vandever, "stopes are approximately 
400 yds ESE and N~, the observational fact that there 
are two inclined adits and the assumption that the 
inclines are 300 ft. deep the following surface area 
computation obtains; 

S IA=SA1+2S5+SA2 
=2(SA1+Ss) 

or 
s = 2 ( ( 4 ) ( 5 ft. ) ( 5 ft. ) ( 300 ft. ) + ( 4 ) ( sf t. ) ( 5 ft. ) ( 1200 ft. ) 

=3.0(105)ft2. . 

15. Combining the results of calculations 13. and 14. find; 

s.T=S Ts+S IA 
•3.06(105Jft3:8.665(103)m2 
=7.02 acres 

16. From frame #22 (Ref #3) and field notes (Ref #14) pages 
#4 and #5, gamma ratemeter/ESP-II reading on the 
"hot road" was 

\.f =105 cpm. 

Assume that this quantity is attributable to Bi214 
activity exclusively and that the following 
relationship is true 

r 
0 

(K(.61 Mev)f.61 +K(l.76Hev) Wl.76)dt. 

NAVAJO SUPERFUND OITICE 
BROWN VANDEVER URAN
IUM MINE 

MAY,'90 P. ~OL T.il' 
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PIT PHOrQC.NPH LOO SHUT 
-19-

SITI llAMI BROWN VANDEVER UBANIQM MINE USIPA IITI IO.~QT ASSIGNI[) 
DATI . APRIL 11, 1990 TUii il.E.TERNQONWIATHIR CLEAR ... 

PHOTOGRAPHER P. MOLLOY MGLl/DIRECTIOft 0°1E --------FILll TYP! ?OLAROID FRAME HO. 22 · · 

DATA TA.KEN WI TH PHOTOGRAPH: ·:-SS 

1. soil sample ( 1 · 
2. Surface Water Sample ( 
3. Air Monitoring Device 

Reading=-------
4. Radiation Survey ( x ) 

Reading: 1 0Sc2o<E:::?-TT)@ EDGE OF ROAD 

S. Deep Well Water Sample 
6. Photograph Below: ·:-:::s 

7. DESCRIPTION "HOT ROAD" WEST OF B. V. RESIDENCES, SGR-

FACE WORKS WAS;:''.:' or rd;s a R IGH'T' ~1ropLEGRomm. ~t'T'. "':.?..Y-

LOR ~ UPPER LEFT BACKGROUND AS REFERENT 

.. - . .. ,. -·· ..... "·- --- .. -·~----
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GEClCHEMISTRY OF URANIUM 

I. Atomic Chemistry of Uranium 

A. Atomic ~lumber: 92, heaviest naturally occurring 
element. 

B. Atomic Weight: 238.03 

c. Naturally Occurring Isotopes 

Mass No. 

238 
235 
234 

Abundance 
Wt. ~ 

99.28 
0.71 
0.0054 

Activity % 
(radioactive 

decay events 
per unit of time) 

48.9 
2.2 

48.9 

D. Nuclear Properties 

E. 

shell 

shell 

shell 

shell 

shell 

shell 

shell 

1. 

2. 

All isotopes of uranium are radioactive. 

U-235 is readily fissionable. 

l isotopes of all elements above Bismuth (83) 
are radioactive. 

Isotope 

u238 

u235 

u234 

Half Life 

4.31 x io 9 years 

7.1 x 12 3 years 

5 2.48 x 10 years 

Slectronic St:::::.!cture 2nd '.'alence States 
Oro it.al.::: 

radon core 
86 

Rn222 

in case of uranium 
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-36-

2. Energy of decay process often results in oxidation, 
therefore u234 may be u+6 from u238 in uo 2 (uraninite) 
Note: u238 and u235 always in fixed ratio in 
nature. 

Measurement of Nuclear Radiation 

.'ll,.. 

B. 

c. 

Alpha (Ol'C' ) radiation measured by 

1. proportional counters (gross~ radioactivity) 

2. semiconductor detectors, for o< energy spectrometry 

3. photographic techniques (track etch) 
radon e><. particularly 

4. helium analysis with mass spectrometer 

Beta (~) radiation 

1. measured with proportional counter 

2. not very useful, except for ore grade control 

Gamma (() radiation 

1. Because of high range and discrete energy levels, 
most frequently measured radiation 

2. Geiger counter 

a. inexpensive, measures total Os from all 
sources, non energy selective 

b. ~s entergas-filled tube, ionize gas, giving 
electrical impulse 

3. Scintillation counter 

a. medium resolution tenergy spectra 

b. medium cost $2000 - 20,000 

c. t strikes NaI crystal, converts energy to 
light. Sorts light intensity for different 
energies 

1 
' ~ 
' I 
i 
J , 

I 
j 
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-37-

4. Semiconductor detector (germanium) 

a. high resolution ¥spectra 

b. high cost 
-

Uranium Analysis by Gamma Spectrometry 

1. u238 series 

2. 

3. 

4. 

a. 

b. 

c. 

d. 

e. 

238 235 234 "' . U , U , U o energies are too low 
for practical measurement 

Bi 214 a ht . 0 23e . h y . , aug er in series, as energies 
of 0.61 MeV and 1.76 MeV which are readily 
measured. Figure 28 • 

. 214 . d f 222 B1 is goo measure o Rn .~ 

B.214 t' 't . l'abl f u238 0 235 l. ac ivi y is re i e measure o -
activity only if sample has not weathered for 
1 rnillio~ years, and radon has not escaped for 
3 weeks 

Bi 214 is the mechanism 
assaying• f_or uranium, 

of "radiometric 

Th
232 . 

series 

a. 

b. 

c. 

208 Tl daughter has high energy 2.615 MeV o 
(Figure 29) 

h 232 l . b . 1208 . 't T ana ysis y measuring T activi y 
because short-lived daughters 

Some Th 232 series Y s interfere with 1. 76 
MeV ( from Bi214, so need to know Th content 
when measure Bi214 activity 

K
40 

gamma spectrum 
• 

a. high energy 1. 46 MeV Y (Figure 30) 

. 238 232 40 Super impose U , Th , and K '1 spectra 

a. 2.615 MeV,T1 208 from Th 232 

b. 1.76 MeV, Bi 214 from u238 
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COSMIC 
RADIATION 

1. 21 

( '=! -214} 
I. 6 MeV 

Fig. 28. Gamma spectrum of equfl l.t>rlum 
U-238, 11-2)5 series. 
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ENERGY-
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(Tl -2081 

Fig. 29. Ganuna spectrum of eq11lllbrl11m 
Th-232 series. 
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Fl~. 30. K-40 gamma spectrum. 
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Where the integral is taken over the convolution 
"capture window" interval of the NaI(Tl) detector. 
Assume that the kernels of the convolution K( .61 Hev) 
and K(l.76 Hevl are equal and of unit amplitude. 
Further assume that the instrument response factor C is 
unity. 

From page #40 of reference# 10 ,figure #28, the 
ratio of the amplitudes of production is; 

+.61 l'V 

\fl.76 
3.2 {Arbitrary units} 

1. 21 

It then follows that 

*'· 61 2. 6 4 5 '1\. 7 6 
and inversely. Recognize that the 'f. are proportional 
to the number of s214atoms present at the grab site. 
Calculate the volume of the NaI detector as follows: 

I/ D = :fY (5.lcml2 ., (5.lcm) 

l04.183 .. cm3. 

Compute the integral as follows; 

since 
e 

l 0 5: 10 2 ~- 1 . 3 7 8 4 +7. 6 ft. 
0 

Consider that f.61is constant during the interval and 
that the instrument capture window time constant is 
100 msec., then 

103=1.378 ~.61.& 
=l.378(10-t ·Jt' 61 

Solve for'~' . 61to obta
0

in'{.6l i. 26( 10 3). 

Set the above quantity equal to the number of Rn222 
atoms (per cubic centimeter) present at the grab site, 

' eg •I 

N (Rn 2 2 2) ,....10 4 

Given that the gamma ratemeter reads 105 cprn. 

NAVAJO SUPERFUND OFFICE 
BROWN VANDEVER URAN
IUM MINE 

MAY.'90 P. MrH r nv 
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OTHER SPECIFICATIONS 

Dimensions: 5.0 inches nigh x 5.0 inches wide 
J( 10.25 inches long (12.7 cm x 12.7 cm x 
26.0 cm) 

Weight: 4.1 pounds (1.86 kg) 

Temperature Range: .4CJF to + 1220f= (-20CC to +SOCC) 

Connectors: MHV for detector inout. 9-pin ··o" 
shell female connector for RS-232C 
communication 

DETECTOR PROBES RECOMMENDED.FOR USE WITH ESP-2 

Model No. Type Measuren;ient Useful Range with ESP-2 5 Percent• 
HP-270 Exposure or 8kg to 3000 mR/h 1 to 3000 mR/h 

Exposure Rate 
HP-290 Exposure or 0.0005 to 80 R/h O.Q1 to 80 R/h 

Exposure Rate 
HP-210L Beta-Gamma 8kg to 100.000 counts/s 14 to 100.000 counts/s 
HP-260 Contamination 
AC-3 Alpha 8kg to 50.000 counts/s · 14 to 50.000 counts/s 

Contamination 
NRD Neutron Dose 0.001 to 60 rem1h 0.02 to 60 rem/h 

Equivalent or Dose 
Equivalent Rate 

LEG-1 Low Energy Bkg to 50.000 coums/s 14 to 50.000 counts/s 
Gamma or x-ray 

SPA-3! High Sensitivity Bkg to 50,000 counts/s 14 to 50.000 counts/s 
Gamma 

SPA-6 Medium Sensitivity Bkg to 50,000 counts/s 14 to 50.000 counts/s 
Gamma 

'Ratemeter mode provides 5 percent. or better, standard deviation readout capability over the indicated range. 

ACCESSORIES 

Audio Headset: Part No. ADHS4 

Any oi the following Eberline aetectors can be used with the ESP-2: 

Detector 
Probe 

AC-3 
HP-190A 
HP-210AL 
HP-210L 
HP-210T 
HP-220A 
HP-260 
HP-270 
HP-280 
HP-290 
LEG-1 
NAO 
PG-2 
SPA-3 
SPA-6 
SPA-8 
SPA-9 

·89 

Cable 

CA-12-60 
CA-16-60 
CA·16·60 
CA-16-60 
CA- 16-60 
CA-16-60 
CA-16-60 
CA-16-60 
CA-15-36 
CA-16-60 
CA-12-60 
CA· 15·60 
CA· 12-60 
CA-12-60 
CA-15-36 
CA-15-36 
CA-15-36 

Check Sources 

CS-1. CS-10, CS-12. CS-15 
CS-7A 
CS-13 
CS-13 
CS-13 

CS-13 
CS-7A 

CS-78 
CS-78 
CS-78 
CS-78 

Probe Holder/Bracket 

ZP10434029 

ZP10434029 
ZP10434029 

ZP10434029 

ZP11292020 

ZP10465017 
ZP10465017 

ZP10465017 

•• 
•• 
•• 
• 
I 
I 
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I 
I 

• • • • 
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Model SPA·3: Sclntltratlon Probe 

GENERAL DESCRIPTION 

The Model SPA-3 scintillation probe Is a 
rugged, waterproof gamma detector designed 
for high sensitivity of pulse-height applica· 
tions. 

SPECIFICATIONS 

Crystal: Nal(TI), 2-inch-<:Jiameter x 2 inches 
long (5.1 cm x 5.1 cm~ · 

Photomultlpller Tube: = 2-inch-diameter, 
10-dynode, end-window with S-11 
photocathode. 

Operating Voltage: Variable dependent upon 
application. 

Maximum Voltage: + 1~ V 

Sensitivity: = 1200k cpm per mA/h with mes 

Current Drain: = 120 MO resistance string 
yields 10 µA at 1200 V. 

Wall Material: Aluminum 

Wall Thickness: 1/a·inch (0.32 cm), 1/1e·inch 
(0.16 cm) at crrtal 

Connector: Mates with Eberline CP-1 

Finish: Enameled body with chrome-plated 
connector 

Size: 25/a-inch-diameter x 11 1/1 inches long 
(6. 7 cm x 28.3 cm) 

Weight: 3.25 pounds (1.5 kg) 

4·89 

The SPA-3 contains a 2·inch-diameter, 2-inch· 
long .Nal(TI) crystal. a 2·inch, 10.stage 
photomultiplier tube. tube socket with a 
dynode resistor string, and a ma{:lntHlc shield. 

AVAILABLE ACCESSORIES 

Instruments 

ASP·1 
ESP-1 
ESP-2 
ESP-2/PHA 
MS-2 
AM-20 · 
AM-21 
AM-23 
SAM-2 
SRM·100 
SRM-200 
SRM·200PHA 

Eberline 

Cables 

CA·12·60 
CA·12·60 
CA-12·60 
CA-12·60 
CA-12-60 
CA-12·60 
CA·12·60 
CA-12-60 
CA·12·60 
CA-12·60 
CA·12·60 
CA-12·60 

A aubsidiary of Tbermo lmdrument Systeltl.8 Inc. 

PO. Box2108 
Santa Fe, New Mexico 87504-2108 
(505) 471-3232 TLX: 66-0438 EIC SFE 
Te/ecopy: (505) 473-9221 

l 
I 
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l. 

-2l-

GENERAL ASSUMPTIONS 

Take fss l. 7 gm. cm· 3 

Consider the u235 and u238 abundances (u 234 neqligible) whereby, 

Um· "Fraction = 
m• "Fraction U = .9927 

Then derive the molecular weight of u3o1 as; 

MWu
3
o
1 

= (7.2 (10" 3)} [(3) (235)) 
+ (.9927) (3) (238)) 
+ 8 (16) 
= 821.86 

Likewise, derive the molecular weight of Sio2 (sandstone). 

MW Si O, = 2 8 . 0 9 + 2 ( 16 ) 
' 

= 60.89 

MWu
1
o1 _8_2 __ 1_._8_6__ __ 13. 6 8 

!oiW s i o
2 

= 6 o . o 9 

Then, 

So that, 

.Pu3o8 23. 26 qm. cm" 3 

2. (From reference 122) 

MWu 235 = 235 gm .. mole" 1 

MWu2 31 = 238 gm .. mole" 1 

Yet, the atomic volume associated with 
properties of elements 

A, = 1 2 cm3 . mo l e · l 

whereby, 

A,·l MWu2 35 = 19.58 gm.cm" 3 

and. 

A,·l MW,238 = fu238 

= 19.83 gm.cm" 3 

Um. 
'2 ' periodic 
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. -23-
U~gradient drainage area calculation 

. A T "'~1 {· A 'Z° l . S 9 i n 2 , 

However map fragment is a 141\ blowup of part of 
bluewater quad, then 

2.64"•1 mi. 
or, 

l" •.379 mi. 
•2000ft. 

It then follows that for a 141% boost 

1"=1418 ft.= 2000 
1. 41 

and 
Ayl. 59( 1. 418( 10 3) ft.) 2 

... 3. 197 ( 10 6) ft 2 

.. 73,39 acres 

NAVAJO SUPER.FUND OfFlCE 
BROWN VANDEVER URAN
IUM MINE. 

WORKSHEET#l 

MA¥,'90 P. MOLLO' 
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FROf·! ? . .2FE::<E~JCC=3l(~iAt../AJO ~-lATI(>N f.:\:( 1 88), ~HERE r\RE 
5.14 ?CRSO~S PER ~AVAJO EOUS:::HC~O(~VERAGE) ~o THAT~ 

432 P:::RSONS 
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WJrksheet for population total, population distribution and population 
at risk fran noncertified water source. 

Bracket Res. Pop. *Res. #Pop. 

0--l 7 36 0 0 
h-~ 0 0 0 0 
~-1 12 62 3 15 
1-2 29 149 6 31 

2-3 24 123 2 10 
3-4 6 31 3 15 

78 401 15 71 'IUI'ALS 

Potential 
*Non-Certified water consuners 



I 
I 

I 
I 
I 

:I 
I 
I.' 
'I, , .. 

I 



I 
I 
I 
I 
I 
I 
I ·--

' ·I ,, 
Ir 
:1, 

I. 
·-·~ . 



'I 

I 
I· 
I 
I 
I 
·I 
·.-

'I 
·I ., 
I 
'I 
I 
1· 
Ii 
·1 
I 
·I 
I 

REFERENCE # 5 

NAVAJO SUPERFUND orncE 
BROWN VANDEVER URAN
IUM MINE REFERENCE 

MATERIAL 

MAY"'Q c ~nr•.0v 



~ 
\ 
I 

\ 
' 

~ 
·~ 

HYDROLOGY OF AREA 62, 
NORTHERN GREAT PLAINS AND 
ROCKY MOUNTAIN COAL PROVINCES, 
NEW MEXICO AND ARIZONA 

----

.... 

1--46\~~R;H • PUERCO RIVER 
DAKOTA •ZUNI RIVER 

: ~) ' 

• LARGO CREEK : 47 

' 
I 

• CARRIZO WASH 

•RIO SAN JOSE 
SOUTH 
DAKOTA • BLACK CREEK 

UNITED STATES DEPARTMENT OF THE INTERIOR 
GEOLOGICAL SURVEY 

WA TE R·R ESOURCES INVESTIGATIONS 
OPEN-FILE REPORT 83-698 



I 
I 
I 
I 
I 
I 
I 
.,. 

I ,, 
I 
II 
I 

' I 

k 

·I 
I : I 
I· 
I 
I 
.I 

HYDROLOGY OF AREA 62, 
NORTHERN GREAT PLAINS AND 
ROCKY MOUNTAIN COAL PROVINCES, 
NEW MEXICO AND ARIZONA 

BY 
F. E. ROYBAL. J. G. WELLS. R. L. GOLD. AND J. V. FLAGER 

U.S. GEOLOGICAL SURVEY 

WATER-RESOURCES INVESTIGATIONS 
0 PE N -FI LE R E PO RT 8 3-6 9 8 

ALBUQUERQUE. NEW MEXICO 
APRIL. 1984 



I 
I 
I 
I 
I 
I 
I 
:I 
I 
I 
I 

I 

I 
I 
I 
I 
I 

CONTENTS 

Page 

Abstract . 

l .O Introduction . 2 

l. l Objective 2 
F. .4. /(l/parnck ana J. R. Rollo 

l.2 Study area 
F. Eileen Ro.v/Jal 

l. 3 Potential effects on hydrologic environment caused by surface coal mining . . . . . . . . . . . . . . . . . . 6 
F. Eileen Roy/Jal 

2.0 General features .. 

2.1 Land ownership 
F. Eileen Ro_v/Jai 

2.2 Climate .. 
F. Eileen Ro_v/Jal 

2.3 Vegetation and land use 
F. Eileen Ro_v/Jal 

2.4 Soils 
F. Eileen Roy/Jal 

.. .... 8 

8 

. lO 

... 12 

. 14 

2.5 Tectonic history 
Jane G .. Wells 

............................................ 16 

2.6 Geology ............................. . 
Jane G. Wells · 

2. 7 Coal geology and mining activities ........... . 
Jane G. Wells 

3.0 Surface water ........... . 

3. I Streamilow stations .. 
Ro/Jerr L. Gold 

3. 2 Stream flow variabilitv .. 
Ro/Jerr L. Gold 

3. 3 \iean and base flow ..... . 
Ro/Jerr L. Gold 

3 .4 Flood ilow ... 
Ro/Jerr L. Goid 

3.5 Duration of ilow ....... . 
Ro/Nrr L. Gold 

3 .6 Water quality at surface-water stations. 

' i J.' 

John V. Flager 

Erosion and sediment ... 
Ro/Jerr L. Guld 

-1.0 Ground water . 

4.1 Observation wells 
lane G. Wells 

Ill 

. 18 

. 20 

. 22 

. :-1 

. 26 

. 28 

. 30 

. . 32 

. 34 

... 36 

. .. 36 



~ 
1, 
11 
11 ,, 
11 
11 
1, 
11 
., 
•• 
11 
·11 
It 
It 
IJ 
It :. 

I:. 

4.2 Recharge and discharge 
Jane G. Wells 

4.3 Depth to water 
Jane G. Wells 

4.4 Potential yield. 
Jane G. J.t'ells 

4.5 Ground-water quality 

.:.1.5. I Quaternary and Tertiary aquifers 
John V. Fla~er 

4.5.2 Cretaceous aquifers ................. . 
John V Fla'?,er 

4.5.3 Jurassic. Triassic. and Permian aquifers 
John V. Flager 

....... ' ... 38 

... '' ... ' ...... 40 

.p 

............ 44 

. '. 44 

' ................. 48 

5.0 Water-data sources ......................................... . . . 5 t 

5. I Introduction ........................... . . .......................... 51 

5.2 National Water Data Exchange (NAWDEX) ....................................... 52 

5.3 National Water Data Storage and Retrieval System (WATSTORE) ... 

5.4 Index to water-data activities in coal provinces 

6.0 Supplemental information for Area 62 ........... . 

6.1 Index of selected surface-water stations 

6.2 Index of observation wells ............... . 

. . 54 

......... 56 

. ............. 58 

........... 58 

. ............... 59 

6.3 Definition of terms ...................................................... . . 60 

7.0 Selected references ............................................................ 63 

IV 



I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
I 
I 
I 
I 

2.0 GENERAL FEATVRES 
2. 1 Land Ownership 

Land-Ownership Pattern is Complicated 

Indian. Federal. and private ownership is represented. 

.~s shown in figure 2. I· I. the land-ownership 
pattern in Area 62 is complicated. The checkerboard 
pattern created by several types of ownership makes 
it difficult to effectively manage these lands and 
consequenrlv complicates the water rights. Indian 
ownership includes trust and deeded lands. but these 
categories are not identified on the map. Three 
Indian reservauons are located entirely or panlv 
within Area 62: the Navajo Reservation in :-Jew 
'.\1exico and Arizona. the Zuni and Acoma Reserva
tions in New Mexico. 

Federal land in Area 62 is administered by the 
U.S. Forest Service, the U.S. Bureau of Land \fan
agemem. the National Park Service and the U.S. 
Department of Defense. Parts of Cibola and Apache 
National Foresrs are included in the New Mexico parr 
of Area 62. El '.\1orro National Monument is admin
istered by rhe Narional Park Service, Fon Wingate 

8 

\lilitary Reservarion. east of Gallup, New Mexico. is 
administered by the Department of Defense. 

State and private lands are generally scattered in 
a checkerboard pattern. In the early l 850's. the 
Santa Fe Railroad received government grants for 
alternate sections of land in strips to build railroads 
in vacam and sparsely settled sections of the area. 
These grants created a checkerboard pattern of land 
ownership (Lower Colorado Region State-Federal 
lnteragency Group ior the Pacific S()uthwest lntera
gency Committee. Appendix VI, 1971. p. 56). Most 
of rhe privately owned lands are within Cibola Coun
ty, New Mexico. In New Mexico, State lands are 
administered by the Commissioner of Public Lands 
with assistance from other agencies such as the State 
Park Commission, the State Forestry Commission. 
rhe Srare Depanmem of Game and Fish, the State 
Engineer Office. and rhe State Department of Tran
sportation. 
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EXPLANATION 

D INDIAN LA:'liDS 

• (;.S. FOREST SERVICE 

D LT.S. BUREAU OF LAND MANAGEMENT 

• NATIONAL PARK SERVICE 

'_j U.S. DEPARr'tfENT OF DEFENSE 

~ STATE TRL'ST AND DEEDED 

PRIVATE 

-'-ma11on , 19681 anci U.S. Deoartment oi Agriculture t l98lal. 

'---------------------
2.1 GENERAL FEATURE.S 
:,~~~~· UltdOwn•r1n1p 

· .. ·:/{r: .. ':·~·< ., 
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2.0 GENERAL FEATl'RES--Conlinued 
2.2 Climare 

Average Annual Precipitation is 10 to 12 lnches in the 
Valleys and Plateaus and 16 to 20 Inches in the Mountains 

Temperatures generally are warmest in July and coolest in January. 

The dimate is semiarid !about !O tO 20 inches ot 
annual ra1n1alll. e.xcept for a tew isolated areas that 
receive more than 20 inches of precipitation per year. 
The \artatlon in precipitation and temperature IS 

controiled b\ altitude. :\reas at high altitude have 
~;eater prec1oitation and lower temperatures than 
:.ueas at tower aititudes. The approximate area1 dism
bution or a\erage annual prec1pitat1on is shown in 

r'igure 2.2· l. .-\verage annual precipitation from 
long-term re·;ords are available for tnree stations: 
12.34 inches at El \forro. 11.33 inches at Zuni. and 
9.24 inches at Quemado. The distribution of a\erage 
monthly precipitation for these three stations is 
shown in rigure 2.2-2. The wettest months generallv 
are July and . .\ugu.st and the dryest months are 
generally \lay and June. During the winter. snowfall 
is common: a total of about 50 inches was recorded 
at .\1cGaffe\: \iew \lexico. in December 1967. 

: () 

In Area 62. winters are rather cold. summers are 
"'arm. and davs are sunny. Dailv temperatures vary 
bv 30 to -+0 degrees. Temperatures greater than 90 
Jegrees are not common in most or the area. but at 
Gailuo. the maximum recorded was 99 degrees: the 
:n1nimum was 23 degrees below zero t Tuan and 
._,rhers. 1973. p. i93l. fhe dismbunon of a\erage 
monthly remperarures at selected stanons is shown in 

:·igure 2.2-2. The average temperature for the warm
~st monrh Uuh·1 is about 70° Fahrenh;;-1t. and ior the 
.·oolest month !January) is about 32 Fahrenheit. 

Dailv precipitarion and temperature data are 
available in monthly issues of "Climatoiogical Data 
i'or :".;ew \1e.xico" and "Climatological Dara for 
.-\rizona." The data are published bv the L.S. 
Department of Commerce. \.;ationai Oceanic and 
.\tmospheric Administration. 
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.:.O GE:\'ERAL fEATl~S--Continuea 
2.5 Tectonic Hisrorv 

The :\lajor Structurai Features of the Coal Area 
were Largely Deveioped by i\ liddle Tertiary Time 

The ma1or structural features in Area 62 are the southern San Juan Basin 
its bounding structures, ana rhe Mogoilon slope. 

Area 62 lies in the southeastern quarter of the 
Colorado Plateau. one of the major structural pro
\·inces of the Cnited States. The Plateau is 
characterized by a thick seauence of sedimentary 
:-ocks that indicate a long tectonic history 1foster. 
1971. p. 363 and Kelle\". 1951. p. 124:-129l. The 
southern part of the San Juan Basin. its ma.10r 
bounciing structures , Kelley 19511. and the 
.\Iogoilon siope are the ma1or structurai features 
in Area 62 !fig. 2.5-11. 

During the nineteenth century the study of 
sedimentary rocks and the plant and animal fossils 
they contained led to the development of the 
geological time scale ifig. 2.5·2L The scale shows 
the immensity of time invoh·ed for formation of the 
structural features in Area 62. 

The San Juan Basin. a structural embayment 
of the Colorado Plateau. began to form during a 
e>eriod of uplift as early as Late Paleozoic time 
'Kelley. 1951. p. i.301. The Defiance and Zuni 
.rniifts fr,e major highland elements in the 
~outhern San .Juan Basin were forming in 
Paleozoic and Mesozoic Time. Kelley states that 
~he present structural elements of the San Juan 
Basin were probably developed by Middle Tertiary 
:ime. 

The .\logollon highland dominated the south 
.oide of the Colorado Plateau during Late .Jurassic 
time. The south half of the highland 1shown in fig. 
2.5-1 as the ;\fo£?"ollon slope1 was broken and tilted 
:a the northea .... ·.:iunng volcanic episodes at the enci 
1Jf the Jurassic Period •Saucier. 1976. p. 1521. The 
.\logollon slooe is the structural feature which 
:·epresent the tectonic remnants of the Mogoilon 
highland. 

16 

The Zuni and Defiance uplifts are located on 
the southern and western edges of the San Juan 
basin. The Zuni uplift trends northwestward. is 30 
miles long by 35 miies wide. and has a structural 
relief of 5.500 feet 1 Kelley. 1951. p. 126l. The steep 
limb of the uplift dips southwestward away from 
:he. basin. The Defiance upiift trencis northwarci 
~ast the study area. is 100 miles lon1:5 by 30 miies 
•.qde. and has a maximum structural relief of 7 .500 
feet 1Kelley, 1967. p. 281. The steep limb dips east 
towarci the San Juan basin 1Kelley. 195ll. 

Two structural platforms 1 Kelley. 1951. p. 126l 
are located in the study area: The Acoma sag and 
the Gallup sag. The Acoma sag is a flat wide area 
bordering the Zuni uplift on the east. The Gallup 
sag extends from the San Juan basin southward 
between the Defiance and Zuni upiifts iKelley. 
1967. p. 29l. 

Two monociines border the Gallup sag. The 
.\"utria J\fonociine bouncis the north two-thirds or 
the Zuni upiift on its west side 1Kelley. 19671 anci 
the Defiance monociine borders the Defiance uplift 
on its east side. 

Kelley 11951. p. 126l describes the Chaco slope 
as the southern part of the San Juan Basin that 
lies between the Central Basin 1fig. 2.5-li and the 
Zuni uplift and Acoma sag. The Chaco slope 
resembles the platforms but differs from them 
because of "its more pronounced and continuous 
regional inclination roward the center of the basin 
and by the absence of a ·monocline· separating it 
from the Central Basin"' iKelley, 1951. p. 126l. 

f 
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2.0 GE~ERAL FEATURES--Continued 
2.6 Geoiogy 

Exposed Rocks Range in Age from Precambrian to Quaternary 

Cretaceous rocks in the New Mexico part.of the study area make up the most 
extensive outcrops of any of the rock units. 

Exposed rods in the area range in age from Precam
brian tolder than 570 million years ago) co Quaternarv 
!about 10.000 vears age to che present). The geologic map 
!fig . .:..6-1 l shows the rocks exposed ac che surface. Cross 
sections in section 4.5 provide information on scratigraphic 
relationships. Exposures of Precambrian gneissic granite 
are found southeast of Gallup in the Zuni Mountains 
I Hackman and Olson. 1977). Rocks of Cambrian through 
'.\1ississippian age do not crop ouc in the. study area. 
Pennsylvanian to Permian rocks of the Supai Formation 
are exposed along the Defiance uplift (fig. 2.5-1) in Apache 
County. The lirhology of the Supai Formation consists oi 
alternating beds of reddish-brown sandstone. siltstone. 
mudstone and white gypsum and gray limestone I Hackman 
and Olson. ! 9i7). 

A thick sequence of Permian rocks was deposited by 
alternaung transgressions and regressions of the sea 
(McKee. 1967, p. 219). Extensive exposures of Permian 
rock are present along the Defiance uplift in Apache 
County. Arizona. and the Zuni uplift in Cibola and 
McKinlev Counties. New Mexico. The Permian De Che!lv 
Sandstone in Apache County is composed ·of orange, pink". 
and red fine-to-medium-grained sandstone (Hackman and 
Olson. 1977). The exposed Permian sequence of rocks in 
Cibola and McKinley Counties in ascending order consists 
oi the Abo and Yeso Formations. the Glorieta Sandstone. 
and the San Andres Limestone. The Abo and Yeso Forma
tions of Early Permian age are composed mostly of reddish 
sandstone and siltstone with several limestone and gypsum 
beds in the upper part of the Yeso Formation (Hackman 
and Olson. 1977). The Glorieta Sandstone, a white and 
buif-.:olored >andscone, is overlain bv the San Andres 
Limestone. a ><rav and vellow thick-bedded dolomitic lime-
~tone I Hack m'an and oison. 1977). . 

Triassic. Jurassic. and Cretaceous· sediments were 
deposited in continental. near-shore, and marine environ
ments. Frequent facies changes represent the fluctuations 
of the depositional environments and regional unconformi
ties illustrate periods of erosion in Mesozoic time. 

The ~1oenkopi Formation and Chinle Formation are 
the Triassic sedimentary rocks in Area 62. The Moenkopi 
Formation 1s composed mainly of red to brown gypsiferous 
sandstone. siltstone. and shale and is shown in figure 2.6-1 
as pan of the Triassic rocks cropping out in southern 
Apache Councv. The Chinle Formation, a variegated 
sequence of sandstone and siltstone (Repenning and others. 
1969. p. B-2l is exposed near Window Rock, Arizona. 
along the Zuni River in Arizona. in southern and central 
McKinlev and norrhern Cibola Counties. New Mexico (fig. 
2. 6-2). 

Rocks in the Glen Canyon Group are probably both 
Jurassic and Triassic in age and are found in the northern 
part of the study area along the Arizona-~ew Mexico 
boundary, in southern and central McKinley County. and 
northern Cibola County. The Glen Canyon Group con-

18 

cains several formations that are composed mamlv of 
sandstone and siltstone and that have cross-t·edriing (Coo
ley and others, 1969, p. A-14). 

Middle and Upper Jurassic sedimentary rocks include 
:he San Rafael Group. the Zuni Sandstone (fig. 2.6-2\ and 
rhe Morrison Formatton. which lie unconlormablv on the 
Glen Canyon Group. They are exposed in the northern part 
of the study area in Arizona. in southern and central 
McKinley County, and northern Cibola County. These 
formations consist of mostly sandstone with some silty 
sandstone and siltstone !Cooley and others. 1969. p. A-14 
and Dane and Bachman. 1965). 

Cretaceous rocks form the most extensive outcrops of 
rock units in the New Mexico part of the study area. The 
Dakota Sandstone and Mancos Shale exposures are scat
tered throughout the area. These formations are composed 
oi mostly gray. yellow, and orange sandstone. shale. clay, 
and silt (Hackman and Olson, 1977). The Mesaverde 
Group overlies the Mancos Shale and major !itholog1es are 
characterized by transgressive and regressive wedges of 
sandstone with thick lenses of shale and coal (Silver. 1951, 
p. 111-113). 

Tertiary formations include the Bidahochi and the 
Baca Formations which are mostly fluvial sediments and 
contain some sediments of volcanic origin (Orr. 1982. p. 30 
and U.S. Department of Agriculture. 198la, p. 1-14). 
These formations are present m the southern part of the 
study area. The Tertiary Chuska Sandstone contains 
wind-blown and fluvial sediments and is present alone the 
e.xtreme northern edge of the area I Cooley and others. 
1969. p. A-17). Other· sedimentary rocks are included in 
rhe Tertiary designation on tigure 2.6-1 and consist ol 
conelomerace. sandstone. siltstone, and limestone. Thev 
are found at the surface in the western and central parts o.f 
rhe study area. 

A considerable amount of volcanic activity sraned in 
Tertiary time and continued through much of Quaternary 
time 1Cooley and others, 1969. p. A-17). Outcrops of 
Tertiary and Quaternary lava flows and volcanic deposits 
(including volcanic breccia, cuff, basalt, and cinders) are 
present along the southeastern edge of the area at Pie 
Town. New Mexico, westward to the State line and into 
southern Apache County, Arizona, and in the northeast 
including the Mount Taylor volcanic field. Necks, volcanic 
buttes, and diatremes protrude locally and are composed 
mostly of intrusive igneous rocks (rhyolite. crachyce. and 
latite), basalt. and consolidated ash {cuff) (Callaghan, 
1951, p. 120-122, and U.S. Depanment of Agnculture, 
198la, p. 1-14). · 

Quaternary and Tertiary alluvium and bolson deposits 
are found mostly along streams and valleys, and as land
slide deposits throughout the study area. These sedimen
tary deposits are composed of sand, silt, and gravel. 

... 
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3.0 SURFACE WATER 
3. 1 Streamt1ow Starions 

Streamflow-Gaging Network Consist~ of 25 Stations 

Stream flow data have been collected for a vanety of needs. 

Data have been collected ai three 1ypcs lit 

streamrlow gaging stations in .-\rea 62. These sta
tions. classified as cominuous. parnal-record. and 
miscellaneous. have been established in response rn 
'anous needs and prO\ide differing types of srream~ 
tlow information. For example. dailv mean dis
-.:harges. peak nows. base !lows. and instantaneous 
measurements tor the compiete vear are a\ailable for 
~onrmuous-recorci s1a1ions. The dail\ mean cits
charges are computed from rernrcis ot' continuous 
stage readings collected at the srations. Daw ~·on
cerning peak rlows. low-tlows and some 1ns1antane
ous measurements are available at partial-record sta
tions. Instantaneous measurements of streamrlO\\ 
are made at miscellaneous stations. The gaging sta
tions were established for various purposes. includ
ing long term hydrologic assessment. dara collection 
for short-term projects established 10 study specific 
problems. or in response co data needs caused by 
legal decisions or compa..:ts. 

The Continental Divide. shown in figure 3. 1-1. 
..:rosses the studv area. Streams to the east of the 
Divide are within the Rio Grande basin. The Rio San 
Jose ifig. 3.l-~) is in..:luded in this area. Streams to 

the west of the Divide. whH:h include the Zurn River. 
Black Creek. Puerco Ri\er. and Carrizo \\'ash-Largo 

Creek are part of the Little Colorado Ri\·er basin. 
The major mer basins in the studv area are delineat
ed in figure 3. i- l. 

The locations of the stations for which stream
ilow data were analyzed in this report are shown in 

(igure 3. l - i. Periods of record. drainage areas and 
o<her mr'ormauon about the streamtlow stauons are 
rabulated in section 6. i .. .\s noted in section 6. l some 
or the stations shown have been discominued or 
changed from partial record to ..:ominuous record. 
Fifteen of rhe 25 stations are currently being operat
ed. \lisceilaneous discharge measuremems have not 
been induded in analysis of surfa..:e-water data per
formed in the following sections. 

Data from miscellaneous stations are a\aiiable 
from the Geological Survey offices in Tucson .. .\rizo
na and Albuquerque. New Mexico. 

. .\dditional details abouc the period of record and 
t\pe of data collected as well as che accual da1a. are 
a\ailable from computer srnrage through rhe :\iation
al \\arer Daca Exchange 1~..\\\"DE:\l (section ~.2l 

:rnd \\ ..\ TSTORE 1section 5.3l. 
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3.0 SLRFACE WATER--Continued 
3.2 Streamflow Variability 

Streamflows Exhibit Marked Changes Throughout the Year 

Variation in streamflow is directly related to rainfall and snowm;I:. 

\1ost streams draining Area 62 are typical of 
streams in arid or semiarid lands. For such streams. 
there is no tlow during most of the year. \lost of the 
streamtlow results from infrequent intense storms 
and from snow.melt causing a greac deal of variability 
within a year. 

To illuscrate the variability of streamtlow that 
exiscs wichin a parcicular year. streamtlow hvdro
graphs for che 1980 water year for che Zuni River 
(subjecc to regulacion from upscream reservoirs) and 
Rio San Jose tregulaced by Bluewacer Lake) are 
presented in figure 3.2-1 .. .\s can be seen. there is 
liule now for much of the year. The periods of no 
now can be concrasted againsc the peaks resulcing 
from surface runoff from snowmelt and scorms. 
Scorm accivity results in "tlashy" peaks; that is. the 

storms result in a rapid rise in screamtlow to the 
peak. followed by a rapid decrease in tlow. 

The monthly mean, maximum, and minimum 
for tlows on the Rio San Jose and Zuni River for the 
period of record are summarized in figure 3.2-2 . ..\ 
majority of the annual discharge occurs from \,larch 
through August in response to snowmelc and scorms. 
Differences becween che maximum and minimum 
!lows are variable from month to monch. \laximum 
discharges vary greacly becween monchs. while the 
minimum discharges are zero for mosc monchs. For 
concrasc. the maximum and minimum tlows are 
rnmmarized below for che Zuni River and Rio San 
Jose. 

:\1ap 
"t). Station 

'-ame 
:\hximum awrage flow 
Flow Water ~ear 

\1inimum awraj;!e flow 
flow Water ~ear .-herage flow 

15 

6 

Zuni Ri,er :.ibove Blad.; 
Rod; Reser,·oir. '-J. \lex. 

Rio San Jose at 
Grants. >:. \lex. 

~6.9 1973 

28. 7 1916 

1.39 1972 i 3 .0 

0.01 1961 3 .22 
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3.0 SURF ACE WA TER--Conlinued 
3.2 Streamf/ow Vaflability 
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3.0 SU Rf :\CT"':\ TER--Continued 
3. 3 Mear E. -.;: ~se Flow 

Mean Annual Runoff.~ I.f lkh or Less 

Mou-:~:.. -ous areas contribute the most~- - _-- -:2X -ccws are indicative of no 
ground·wa ter c=-~:i_::._-,-. 

.-\ map .;:!'·-'-,,•7111g rhe distribution of mean 
annual unit !li:J::·:· '.Tlean annual runoff di,ided bv 
drainage area 1 :.:: \:;:a 62 is shown in figure 3. 3-1·. 
The map, me..:.::=.::-.: :·rom one published b-y rhe L:.s. 
Department o:· .\.f:"'.1.:ulrnre (198lbl. represents run
off in terms ,,:· ~·.:":"J.ge depth of yearly runoff in 
inches. \1oun~ ... -,.:s areas contribute rhe hi2hes1 
runoff value c''. .:· inch with !he lower alrirudes 
contributing b; :-.:.::0ff .. -\s pointed our in the L .S. 
Department o:· ·~ .. ;:·xulrure publication. for screams 
draining rhe ::::·=:.11nous areas. unit runoff de
creases do" n~t~~-

26 

:......--...: -....... ~ Jefined as streamtlow that is com
"'."--,._~; .- :<::.' puund-water discharge. \1ost un
·~r .J..:; ..;::-:-~ m Area 62 are ephemeral. !lowing 
_--.;_-, -:: ~'~ '.L' storms and snowmelt. Base tlo~· 
::-:: :~ ~ is zero indicating no significant 
~.:":........:-~£~ ":;.:harge. Streams that continue to 
:-_-. •'"1:'.'.: .:.~ ~nemeral streams have gone dry. do 
-.: ~- ~ ~: .:-r· spring discharge or man-made 
::.._-.:.::.::_-::-:.. ,.._ ... -= .is from treatment plants or reser
,: :-, ::_,. :.u:::e'le. the Rio San Jose near Grants 
:::::.-:-~ :: :~,,,. due to discharges from Horace 
'S::-:--_-,;:- L.-"I..: ::.;: Grams sewage treatment plant. 
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I EXPLANATION 
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D less than 0.1 
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Figure 3.3-1 Mean annual unit runoff. 

3.0 SURF ACE WA TER--Continued 
3.3 Mean and Base Flow 



I 
I 

I· 
I 

I 
I 

I 
I 

I 
I 
I 
I 
I 

-------·-----

3.0 SURF ACE WA TER--Continued 
3.4 Flood Flow 

Flood Magnitude and Frequency Values 
Computed for Selected Streams 

Technique available to estimate peak flood flows for ungaged streams. 

Flood magnitude and frequency data for gaged 
streams having more than 10 years of peak-discharge 
record are lis1ed in table 3 .4-1. The flood values were 
computed using the station record according to 

guidelines ou1lined by 1he U.S. Wa1er Resources 
Council ( 1981). 

A mul1iple regression model was used by Thomas 
and Gold ( 1982) to develop tlood-es1ima1ing equa
tions for ungaged streams in New Mexico. The 
equations were developed using data from stations 
throughout New Mexico. as well as in Arizona bor
dering New Mexico; thus. the equations are applica· 
ble 10 all parts of Area 62. Basin characteris1ics, such 
as station altitude, rainfall. and drainage area were . 
used as the independent variables, wi1h tlood !lows at 
each gaged s1ation used as the dependent variables. 
A comple1e descrip1ion of the developmen1 of 1he 
equations can be found in Thomas and Gold ( 1982). 
The equa1ions for estima1ing peak flood magnitudes 
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for re1urn intervals of 10 years <Q 10). 50 years (Q5o). 
and 100 years (Q

1
oo) are presented below. 

Es1ima1in1t ~qu11ion 

o, .. = c.01 • Ill.,,.··~,, ,5,, 1.000)' '' 

Q = J.~~ < 10' A''"" !Sa.- 1.0001 ": 
"'' . 

lnlfl"'al cover~ b)· 
standard error or 
es1ima1e !percenll 

In 1he equa1ions, A is the contributing drainage 
area in square miles and Sa is site altitude in feet 
above sea level. For example. the I 00-year recurrence 
tlood at a site having an altitude of 6.300 feet and a 
drainage area of 6. 76 square miles would be estimat
ed by the following calculations: (3.54 x 105) 
(6.76)0·389 (6.300/ 1.000r3·32 I. 700 cubic feet per 
second. This value is subject to the large interval of 
standard error listed with the estimating equations. 
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Dltdtarp, la nllic ,_, 11W 
:'talion ~.rort111•a 111 I _,_ ~- .. 

_n_u_~_1 _~_, ____ B_lu_e_w_a_t_e_r_:-:-~-ti-:-~-:-~-~-:-,-~-"-.-a-te-r-.-~-•. -\-l-ex-.---------].-~-·----·-~~~~-~~~ 
6~ Rio San Jose at Grants. N. \lex. 662 

i 1 

:6 
;y 
:o 
21 
~5 

Grants Canyon at Grants. N. \lex. 1,040 
~io San Jose near Grants.\· \lex. 766 
LJ.rgo Creek near l)uemado. ~-\lex. . 711 , 
;::,mi River aoove i:!lacl< Ro..:k Reserv~'1 r. N · \lex. J,930 
(·,alestena Canvon lributar> r:i:Jr dlJck Roel<. :--1. \lex. OS 
\!ilk Rancn Canvon near fort \\ ir:g.ate .. 'i · \1ex. 336 
?uerco River at Gallup. N. \kx. 7,630 
Wa2on frail Wash near Gomerco. \ .. \lex. 217 
31a~I< Creel< near Lupwn. :\m. S,370 

• Flow re2uiated bv Bluewatcr Dam . 
: Sum~ ";thdrawals. a1versions. and re~uiation uo>tream 1rom statlon 
' Some regulation irom uostream reservoirs 

J.O 
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3.0 SURFACE WA TER··Continued 
3.5 Duration of Flow 

Streamflow is Poorly Sustained 

Duration curves indicate little. if any, contribution from ground-water sources. 

The flow duration curve is a cumulative frequen
cy curve of daily discharges showing the percent of 
time that specified discharges were equaled or ex
ceeded during a given period. 

The data presented in the duration curves (fig. 
3.5-1) for 6 stations in Area 62. were computed using 
a Geological Survey computer program (Hutchison. 
1975). The curves may be interpreted using the 
following guidelines. A steep slope indicates poorly 
sustained flow. For example. a steep slope ac the 
lower end indicates that st ream tlow is not sustained 
by ground-water discharge and tends rapidly coward 
zero during periods of low precipitation. Gencler 
slopes indicate a more sustained streamtlow such as 
would occur if ground-wacer or ocher stored wacer 
were discharged co rhe stream. 

The duration curves for several representacive 
stations presenced in figure 3.5-1. have, with one 
exception, steep slopes throughout the lengths of 
those curves. The only exception. Rio Nu'.ria, dis
plays a moderate slope, and therefore a well sus
tained condition for flows less than 0.1 cubic fooc per 
second. Streamtlows recorded at che stations on che 
Rio San Jose. San ~1ateo Creek. Puerco River, and 
the Zuni River are subject to regulation which will 
cause the shape of their duration curves to differ 
from curves represencing natural flow. Duration of 
tlow figures for other srreamtlow stations are con
tained in table 3.5-l. The tabulated data can be used 
to draw duration curves for those stations. 

Table 3.5-1 Flow-duration data at selected stations. 

Station Flow, in cubic feet per second, which was equaled or 
number Station name exceeded for percentage of time indicated 

99.S 95 90 75 50 15 10 5 

31 Bluewaier Creek below 

41 
Bluewaier Dam. N. Mex. 0.21 0.27 0.29 0.38 0.~2 3 g 20 ~5 31 

Bluewater Creek near 

9: 
Bluewater. N. \1ex. 0.38 0.62 0.76 l. l 1.2 J.2 18,6 24 33 

Rio San Jose near 
Grants. N. \lex. J. 5 ~.2 4.4 4.7 5.3 6.0 7.6 9.3 32 

lO Largo Creek near 
\lan2as. N. \!ex. 0.04 0.09 0.09 0.1 0.21 0.38 0.62 u 20 

25 Black-Creek near 
Lupton. Ariz. 0.0 0.0 0.03 007 0.19 1.9 10.7 . 31 130 

'. Flow regulated bv Bluewater Dam 
• Affected by dive~sions and discharges from city of Grants 
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3.0 SURF ACE WATER-Continued 
3.5 Duration of Flow 
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J.O SCRFACE WA TER--Continued 
3. 7 E-os1on ano Seo1rr,en r 

Annual Erosion Rates Generally Less Than 
1 Acre-Foot per Square Mile 

Sediment yield is dependent on topographic setting, soil type, climatic factors. 
and land uses. 

Erosion potential and the resulting sediment 
yield are of great interest in Area 62. The effects of 
erosion ma~· include degradation of water qualitv. 
denosic ion o t' sediments in stream beds and reservoirs. 
decreased reservoir capaclt v. and removal of soils 
~rnd nutrients. :\ll aspects o( erosion mav result in an 
economic loss to the inhabitants or che area who use 
~treams as \\ater supplies. use the land for stock 
grazing or farming. or build structures. Area 62 is 
marked by areas where extreme erosion has occurred 
in the past and is continuing. The effects of erosion 
(fig. 3.-::-.:;.i ..:an be observed in che alluvial valleys of 
the Puerco and Zuni Rivers and in numerous washes 
[hroughout the area. 

The extent of erosion of the land by wind and 
water \aries greatly within the area. mostly in re
spon5e to a combination of faccors. Specifically. 
~urface geology, soil types. dimate. runoff. topogra
phy. \ egetat i ve cover. l:lnd use. and upland drainage 
patcern all affect erosion rares. Erosion rates can be 
increased bv ~ome uses of the land. such as unim
rro\ ed roads. cons[ruction sites. and by livescock 
grazing. H r:.ues are also a result of geologic 

conditions within the area. Specificallv. badland 
areas. sites of substantial erosion, are a result of the 
significant erosion potential of the relati\elv uncon
solidated shales. mudstones. and clayst0nes cropping 
out in those areas. Low erosion rates occur in areas 
having good grass cover and in forested areas. 

Estimated erosion rares for Area 62 are shown in 
figure 3. 7-1. Summaries of suspended-sediment data 
collected at gaging scations are given in table 3.7-l. 
The locauon of the gaging stations is shown in figure 
3.i-1. 

The suspended particles may contain certain 
chemical consmuents in quantities greater than that 
found in the water surrounding those particles. The 
samples for the two Rio San Jose stations were 
..:olkcted when large quantities of water were released 
t0 relieve pressure on an upstream dam. The samples 
for the stations Puerco River near Church Rock 118) 
and Puerco River at Gallup 120). resulting in the 
maximum values. were collected alter a dam failure 
at an upstream uranium-milling operation. 

! 
l 
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Figure 3. 7-2 Efrem of erosion in the allu-vial nUey 
(east of Gallup, New Mexico). 

Table 3. 7-1 Suspended sediment at gaging stations. 

'lumber of 
samples 

Station name la ken 

Rio San Jose at Grants. N. \>lex. 4 

Rio San Jose near Grants. N. ~ex. -I 

Zuni River above Black Rock Res .. 
'i. ~e.,. 35 

Puerco R1•er near Church Rock. N. ~ex. 2 
Puerco Ri,er at Gallup. 'i. \lex. 6 

Suspended sediment concentration tmg1 LI 

"e-an 

3.5.W 
315 

3-15 

2-1.+w 

"inimum '-taximum 

523 8.300 
19.0 6n 

18.0 2.090 
17.100 18.000 
3.360 70,100 

J.O SC Rf ACE WA TER--Continued 
3. 7 Erosion and Sediment 
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4.0 GROF\D WA TER--Continued 
..t.2 Recharge ana Discnarge 

Ground-Water Recharge Occurs Primarily Above 6,000 'Feet and 
Where Geology and Topography are Conducive to Infiltration 

Major spring discharge occurs in the northwest and central parts of the study area. 

Re.:h::uge to ground-wa1er aquifers occurs primarily 
(rom mi"iltra1ion of runoff from precipitation in the moun
tainous areas and on the t1anks of structural basins (U.S. 
Departmenr ot Agriculture. 1981a. p. 5-22) (fig. 4.2-1). 
These highland areas. which account tor as much as 80 
percenr of the ground-water recharge, are generally at an 
airitude greater than 6.000 feet above sea level and receive 
more. than 15 inches of precipitauon annually (Lower 
Coiorado Region State-Federal lnreragency Group for the 
Pxir"ic Southwest lnceragencv Committee. 1971. p. V-21). 
Recharge probably occurs also on Mt. Taylor. along the 
Cuntinental Divide. and in the Gallo and Mangas Moun
;a1ns aithough tt has not been mapped in these areas. 
'\1inor re<.:harne aiso oc,c1rs from inr"iltrauon oi e.xcess 
~mgatt0n water and canal see.page from surface-water 
'ources and from iniiltration of precipitation m the center 
o! the basins. lnfiltracion in the center oi the basin is 
11enerallv ne2li2ible as a result oi the arid to semiarid 
~limate but -may be affected by both topography and 
geology. 

Ground water is discharged by four natural processes: 
11 l Evaporation in areas where the water table is near to the 
land suriace: t2) transpiration by vegetation: !3) seepage 
into stream channels in places where the streambed (or 
-:hannell intersects the water table: and. (4) spring dis
charne ! Lower Colorado Re2ion State-Federal lntera2encv 
Gro~p for 1he Pacific Southwest lnteragency Committee'. 
197 !. p. \' -l2l. 

Onlv 'mall amounts of ground water are discharged by 
c'aoorauon 1n areas where the water table is near the 
,urTJce us the depth to the water table reaches IO feet. 
discharge bv evaporation becomes· negligible). Large 
amounts o! ground water are transpired from ground· 
water ;:iquiias bv vegetation. 

Spring discharge occurs where the water table imer
'ccts the land surface or where water from artesian aquifers 
1lows through fractures or fault zones in the rock (Lower 
Colorado Region State-Federal lnteragency Group for the 
P;:icilic Southwest lnteragency Committee, 1971. p. V-22}. 
'\lajor areas for spring discharge are in the vicinity of Ojo 
Caliente Jnd Ramah. The combined discharge for springs 
near Ojo Caliente is about 1 cubic foot per second and for 
'Drin2s near Ramah combined dischar2e is about I. I cubic 
:-~et per second !Orr. 1982. p. ~6. 90). Studies by Risser 
i 1982! describe a spring called Ojo del Gallo located 
southwest of Grams. New ~lexico. Ojo de! Gallo yielded 
as much as 5 to 7 cubic feet per second in the I 930's. ceased 
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!lowing in the 1950's !Risser, 1982. p. 29). but has begun ro 
tlow again U .A. Baldwin. oral communication, 1983). 
Springs on the southwest side of the San Juan Basin. 
:iround Window Rock. and in the Chuska ~fountains 
usually do nor yield any more than .02 cubic foot per 
second (Cooley and others. 1969, p. A-44). Other springs 
discharge near Black Rock Village, along ouccrops of the 
Gloriera Sandstone and San Andres Limestone in the Zuni 
Mountains 1 Orr. 1982), and along the Zuni River m 
McKinlev and Cibola Counties (Summers. 1972. p. 83). 

Induced ground-water discharge takes place as 
ground-water pumpage from wells. Pumpage removes 
water irom the tlow svscem and thus diverts 2round water 
from some of its natural points of discharge.-This type of 
discharge will be discussed in more detail in Section 4.4. 

The areas of izround-water rechar2e which have been 
mapped. and locaiiy. areas of spring discharge are shown 
in figure 4. 2- l. Several publications discuss ground-water 
recharge and discharge in specific aquifers but do not 
include maps. These publications include studies about che 
San Juan Basin (Lyford, 1979), Apache County (Akers. 
1964}. the Rio San Jose (Risser, 1982},and McKinley and 
Cibola Counties 10rr. 1982). Other information from 
some of these references describes gaining and losing 
reaches along some of the intermittent streams. In general 
l!round water mav be dischar2ed to the stream !the stream 
gains} or the stream water may be :-echarged to the adjacent 
aquifer (the stream loses). 

Ground-water movement in Area 62 is generally from 
recharge areas in the highlands to the central pans of the 
basins. Movement of 2round water in central Apache 
County. Arizona. mainfy is southward toward the Little 
Colorado River l Lower Colorado Region State-Federal 
lmeragency Group ior the Pacific Southwest lnteragency 
Committee. 1970. p. V -21 }. Ground-water movement in 
"'lew Mexico is toward the Puerco River in aquifers near 
Gallup t Lyford, I 979i and near Zuni; in Cibola County 
ground.water movement in the Glorieta-San Andres aqui
fer. the Chin!e Formation. the Zuni-Dakota aouifer. and 
Bidahochi Formacion is generally to the west (Orr, 1982). 
Locally. along the Nutria monocline. ground water in the 
Gallup Sandstone and Crevasse Canyon Formation moves 
toward the Rio Nucria and Rio Pescado, buc ground water 
in more deeply buried Gallup and Crevasse Canyon rocks 
probably moves northward to join the flow syscem near 
Gallup(Orr, 1982. p. 77, 114). 
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Figure 4.2-1 Location of recharge areas and spring discharge areas. 

4.0 GROUND WATER--Continued 
4.2 Recharge and Discharge 
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4.0 GROU~D WA TER--Continued 
4.3 Depth to Water 

Depth to Water Below Land Surface Generally 
Less than 200 Feet 

Depth to water varies because of complex geology and large topographic relief. 

Depth to water ranges from only a few feet, 
especially along the major streams and rivers to 
about 500 feet along parts of the Defiance uplift. 
near Hardscrabble Wash south of the Defiance 
uplift. in the Gallup sag. and along the Mogollon 
slope on the southern boundary of the study area. 
Depths to water of less than 100 feet commonly occur 
in alluvial channels and in a few areas in Precambri· 
an granite exposed southeast of Gallup. New Mexico. 
in the Zuni Moumains (fig. 2.6-1 ). Depth to water 
varies throughout the area because of rhe structural 
complexity of the geology and the substantial topo
graphic relief. Generally, areas with similar depths ro 
water roughly follow the physiographic and structur
al features of the area (Cooley and others, 1969, p. 
A-22). 

Both artesian (confined) and water-table 
(unconfined) conditions occur in Area 62. Artesian 
conditions occur throughout the area and artesian 
springs and wells have been utilized in many areas 

(refer to figure 4.2·1 for the locations of major 
springs). \\'ater-table conditions are present in the 
principal recharge areas (fig. 4.2-1). in the flat-lying 
rocks between major uplifts, and in the shallow 
alluvial aquifers along the major streams and rivers. 

A generalized map of the depth to water in Area 
62 is shown in figure 4.3-1. In specific areas. depth 
to water may differ considerably from the ranges 
indicated in this generalized map. The depth to water 
shown in figure 4. 3-1 is the depth in feet below land 
surface. at which water is first penetrated. regardless 
of the quality, and is not the altitude to which the 
water will rise in a well. Data for figure 4.3-1 are 
from wells completed in the major aquifers (see 
section 4.5) and include data through 1980 for 
Apache County. Arizona (U.S. Department of 
Agriculture. 1981 b ). and through 1971 (Cooper. 
1971} for counties in the New Mexico portion of Area 
62. 
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Figure 4.3-1 General depth to ground water. 

-&.O GROU~D WATER--Continued 
4.3 Depth to Water 
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4.0 GROUND WA TER--Continued 
4.5 Ground-Water Oualitv--Conrinued 

4.5.3 Jurassic. Triassic. and Permian Aauifers 

Water in Permian Aquifers has the Largest Median 
Concentrations of Dissolved Solids, Calcium, 

Sulfate, and Hardness 

Water-quality data are summanzed for 38 Jurassic sites. 68 Triassic sites. 
and 69 Permian sites. 

Throughout much of Area 62. Jurassic through 
Permian aquifers underlie the coal-bearing rocks 
(fig. ~.5.3-ll. The locauon ot sampling sires for 
these aquifers is shown in figure ~.5.3-2: because of 
the map scale. one sampling site may represent 
several closely spaced wells or springs. A summary 
of the chemical anahses for samples is given in cable 
4.5.3-1. . 

The National Water Data Srorage and Retrieval 
System (WATSTORE) lists 38 sites ;t \.i.hich samples 
have been collected from Jurassic aquifers: 25 for 
the Morrison Formation. 8 for the combined Zuni 
Sandstone-Cow Springs Sandstone. and 5 for che 
Entrada Sandstone .. Compared to other aquifers in 
Area 62. Jurassic aquifers exhibit small median con
cenrracions of hardness and chloride. 

Of the 68 Triassic sampling sites. 61 derive water 
t'rom the Chinle Formation. 5 from the Wineare 
Sands10ne. and 2 from the \loenkopi Formation. 
The water typ1callv is enriched with bicarbonate and 
sodium but has small median concentrations or calci
um and calcium ..:arbonate hardness. 

The summary of chemical analyses for Permian 

-i8 

aquifers in table 4.5.3-l is based on samples from 
two aquifer svstems: the undifferentiated San An
dres Limestone-Glorieta Sandstone in New .\kxico 
151 sitesl and the undifferent1ate_d t..:aibab Lime· 
stone-Coconino Sandstone in Arizona ( 18 sites 1. As 
a group. the Permian aquifers have the most mineral
ized water in Area 62. with the largest median con
centrations of hardness. calcium. sulfate. and dis· 
solved solids; however. the sodium and chloride 
concentrations are rather small. Although the San 
:\ndres-Glorieta and Kaibab-Coconino are straci
graphica!ly lateral equivalents. the available data 
indicate that water quality is markedly different m 
the units . .\tedian concemracions of all constituents 
in the San Andres-Glorieta are much smaller than in 
the Kaibab-Coconino; especially notable are the con
centrations of sodium (60 versus 360 milligrams per 
licerl. chloride (22 versus 430 milligrams per literl. 
and dissolved solids (7-W versus 1.750 milligrams per 
liter). These differences may be an aberration caused 
by the few samples available or the location oi the 
sampling sites. However. the water-qualitv differ
ences could be caused by differences in composition 
of the rocks or the c.hem1cal composition of the 
recharge to rhe aquifers. 

T 
I 
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Table 4.5.1-1 Summary o{ chemical analyses of water ~•mples 
from Quaternary and Tertiary aquifers. 

Concentrations of dissolved constituents reported in milligrams per lit ~r. except as 1no1cated. 
Micromhos. m1cromnos oer centimeter at 25° Celsius. < less 1nan 

Constituent or property 

Specilic -:onducrnnce 
1micromhos1 

pH tunitsl 
Bicarbonate i HCO,) 
Hardness 1CaCO,> 
Cak1um1Cal 
Sodium 1Nal 
Chloride tCll 
Sulfate 1SO) 
Iron 1Fel 
Manganese 1Mn1 
Dissolved solids 

Cons1iluen1 or propert~ 

Specific conductance 
(micromhosi 

pH (uni!SI 
Bicarbonate I HCO ! ) 
Hardness 1CaC01 ) 

Calcium 1Cal 
Sodium 1Nal 
Chloride 1Cll 
Sulfate 1SO,; 
lron<Fel 
Manganese 1Mnl 
Dissolved sohds 

Ran11e .\.fedian 

308-5.080 835 
6.8-9.5 '.8 
l40-6i0 3~0 
7 .::. ~oo 180 
:A-5JO 54 

s 5-1.000 1:0 
2.9-1,100 ~6 
0.8-2.600 8J 

0-3.2 .02J 
< 1-1.0 .003 

178-3.600 J79 

Ran2e "1edian 

:·0-1.000 -'20 
~.1-10.0 ~.O 

82-330 1q 
82-262 ISO 
:.8-69 3J 

8.0-230 4() 

4.2·130 IJ 
~.8-95 1-t 

0-0.530 .020 
0-0.120 .006 
I~ 3-625 262 

~.O GROUND WATER--Continued 
4.5 Ground-Water Quality 

'umber 
of samples 

60 
57 
Jl 
60 
60 
50 
60 
60 
50 
16 
59 

-.;umber 
of samples 

19 
:J 
30 
30 
30 
30 
29 
II 
30 

4.5. 1 Quaternary and Tertiary-Aqwfers 
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-LO GROL '.' D WA TER--Continued 
..:.4 Potenr1a1 Yiela 

Well Yields Commonly as Much as 100 Gallons 
per Minute in Most of the Area 

Consolidated sedimenrary rocks store most of the ground water: permeability 
and depth ro water affect the availabiiity of ground water. 

\\'ells comoleted in aquifers containing fresh to 
.,;i1ghtlv saline warer !dissolved solids concentration 
01 less than ::.000 milligrams per liter) commoniv 
\ieid as much as 100 gallons per mmute. Yields or' 
rhis magnitude can be obtained in more than one-nalf 
o:· the area 1r1g. -+ . .+-!). Water is obtained primariiv 
:·;om ooch cor:solidated sedimentar_, rocks and from 
unconsolidated stream-\allev sediments and alluvi
um. Only a 'mail amount ot unconsolidated rocks 
are present in the area: therefore. the consolidated 
rocks store most of the ground water. \Veil yields in 
the unconsolidated rocks l!enerallv range from 100 to 
500 gallons per minute. -Yields ~n che consolidated 
rocks vary greatly because of differences in rock 
permeabilirv. ·\lost of the consolidated rocks yield 
from 25 to l 00 gallons per minute. The use of 
ground water is affected economically by the depth 
rrom which 1t must be pumped. 

Principal aauifers in the scudv area include the 
P~rm1an r..:aibab Limestone and Co~onino Sandstone 
in . .\rizona. \\ n1ch grade laterallv eastward to the San 
Andres Limesrnne and Glorieta Sandstone: the Trias
sic Chinle Formation: the Zuni Sandstone. members 
or the \lorrison Formation. and the Entrada Sand
~tone and Summerville Formation of the San Rafael 
Group. all of Jurassic age: the Cretaceous Dakota 
Sandstone. \ lancos Shale. Gallup Sandstone and 
rormacions 1n the ~tesaverde Group: the Tertiary 
sediments of the Bidahochi Formation; and the 
meam-valle\ 'edimems of Tertiary to Quaternary 
Jge nable 2.-·!L Permeable volcanic rocks of Terti· 
Jry to Quaternarv age yield water to wells locally. 

The esumated potential vie!d for wells in Catron 
Countv is generallv as much as tOO gallons per min· 
ute. Yields n Cibola and \lcKinley Coumies are 
similar. Greater vields of as much as 500 gallons per 
minute are tound around Gallup, north or Black 

Rock. and along the western edges of Cibola and 
Catron Coumies. Well yields may exceed 500 gallons 
per minute around Bluewarer in Cibola Count\'. 
Studies by \1ercer and Cooper t 1970). Hiss and 
\ larshal! i 1975). and \le lean i 1980\ provide more 
detailed e\ aluations concerning the a\ ai!abilil\ o! 
ground water and potential yields int he Gallup area. 
Estimated potential yields in Apache County range 
widely from about 25 gallons per minute in the nortn 
lO about 500 gallons per minute in the south. 

Estimates for the volume of recoverable ground 
water are not available for the entire study area. The 
general location and estimated potential yields of 
ground water are shown in figure -i.-i-1. Detailed 
investigations locally provide some information. but 
more data are needed to realize actuai development 
of ground-water supplies IL' .S. Department oi 
Agriculture. l981bl. 

. .\!though the major water supply t'or rurai
domestic. municipal. and industrial uses is ground 
water. water supply for livestock use is from both 
;urface water and ground water !U.S. Department oi 
Agriculture. l981b. p.3-2\. The Li.S. Department of 
Agriculture t 1981 b. p. 3-14--3-20) estimated chat 
fucur.' iivestock water requirements will be increasing 
and c::at development of ground water is the best 
:·uture source of water supply. Irrigation needs are 
served mostly by surface-water sources. In New 
\texico and Arizona some of the wells for municipal. 
induscriai. irrigation. rural domestic. and livestock 
use are (Ompleted in alluvial aquiiers. Because these 
aquifers are generally thin and of limited saturated 
thickness. aquiiers oi Cretaceous age and older have 
been developed (refer to section -i.5 for rnaior 
aquifers i. 

I 
I 

1 
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Potential yield data from: 
U.S. Geological Survey 11972). and 
U.S. Depanment of Agriculture 1I9Slb), 

EXPLANATION . 

"1AXIMl'M POTENTIAL YIELDS Of 
PROPERLY CONSTRL'CTED WELLS, 

IN GALLONS PER '.'tflNUTE 

Less than Z5 

:s to 100 

100 10 500 

I i "1ore than 500 

Figure 4.4-1 Estimated potential yield of water wells, 

"·O GROUND WATER--Conlinued 
4.4 Potential Yield 
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S.O WATER-DAT A SOURCES 
5. 1 Introduction 

~A WDEX, W ATSTORE, and OWDC Have 
Water Data Information 

Water data are collected in coal areas by large number of 
organizations in response to a wide variety of missions and needs. 

Within the U.S. Geological Survey there are 
three activities that help to identify and improve 
access to the vast amount of existing water data. 
These a·ctivities are: 

\ l l The National Water Data Exchange 
(NAWDEX). which indexes the water data available 
from over 400 ornanizat1ons and serves as a ..:emral 
focal point to help those in need of water data to 
determine what information is available. 

(2) The National Water Data Storage and Retrie
val System (WATSTORE). which serves as the cen
tral repository of water data collected by the U.S. 
Geological Survey and which contains large volumes 

51 

of data on the quantity and quality of both surface 
and ground waters. 

\3) The Office of Water Dara Coordination 
(OWOC). which coordinates Federal water-data ac
quisition activities and maintains a "Catalog of In
formation on Water Data." To assist in identifying 
available water-data activities in coal provinces of the 
United States. special indexes to the Catalog are 
being printed and made available to the public. 

A more detailed explanation of these three activi
ties are given in sections 5.2, 5.3. and 5.4. 
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MAP 31 SHEET 3 OF 3 
R. 3E. 

EXPLANATION 

~ 
L_=:_J 

Undifferentiated volcanic rocks. mostly basaltic; lo· 
cally includes intrusive rocks 

UNCONFORMITY 

Continental strata: Bidahochi Formation and Chuska 
·Sandsrone 

U NCON FORM I TY 

Cliff House Sandstone. Lewis Shale, Pictured Cliffs 

Sandstone, Fruitland Formar1on, ana Kirtland Shale: 
includes. Tertiary strata in T. 20 N. 

Point Lookout Sandstone and Menefee Formation; 
includes Hosta Sandstone and Satan Tongue of Man· 
cos Shale, where present 

Gallup Sandstone and overlying Creva~ Canyon For· 

mation fin south pan of map area) and Mulatto 

Tongue of Mancos Shale (in norrh pan of map area) 
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-Dakota Formation and lower Mancos Shale 

UNCONFORMITY 

Morrison Formation. In ascending order: Recapture 
Shale Member lat base!, ll'.estwater Canyon Member, 
and Brushy Basin Member. Jackpi/e Sandstone IJmil 
of Brushy Basin Member mapped separately in 'Laguna 
area 

Jurassic strata beneath Morrison Formation. Includes 
Enrrada Sandsrone, Todilto Formation, and Summer· 
ville Formation of San Rafael Group and overlying 
Cow Springs Sandstone w1rh its lateral equivalents, 
Zuni Sandsrone and Bluff Sandstone 

UNCONFORMITY 

~ 
Tr1assic srrara, undifferenr1ared. Includes Chin!e For· 
mavon and Wingare Sandstone 

UNCONFORMITY 

D 
Permian strata. undifferentiated. Includes Abo Forma· 

tion, Yeso Formation, Gloriera Sandstone. and San 
Andres Limestone 

Q 
Pennsylvanian rocks, undifferentiated. Includes Sandia 

Formation and Madera Limestone 
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UNCONFORMITY 

-Precambrian rocks, undifferentiaced. Includes granitic 
rocks and, in Zuni Mountains, several types of meta· 
morphic rocks 

Concacrs, dashed where approximate 

u--
_.....----[) 

Fault or fault zone, dashed where approximate 

Uranium depos1cs in.Morrison Fm, of known shape 
ana exrenc 

* Locality of close-spaced ::trilling indie<Jting uranium 
mineralization in Morriscn Formac1on 

2 3 4 5 Miles - - -,_ -

Bose mop by New Mexico State Hi9hway 
Deportment. Geolo9y compiled from 
sources Ii sted on Sheet I 
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R.BW. 

SUBSTANTIAL DICATED 
~ALI ZATION 

URANIUM 
MORRISON FORMATION 

NAME 

Section 24 

Fernandez 

Mel rich 

Johnny M 

Section 19 

Walker Dome 

Ruby Wells 

IN 

Gulf 

Gulf 

·Gulf 

OWNER 

Homestake 

Enerdyne 

Ranchers 

Keradamex/Gulf 

Gulf 

De Villiers 

De Villiers 

United Nuclear 

Western Nuclear/N. M. Ariz. Land 

Western Nuclear/N. M. Ariz. Land 

Western Nuclear/N. M. Ariz. Land 

(continued on sheets 1 and 3) 

SEE SHEET 3 FOR EXPLANATION 

SEE BACK OF SHEET 3 FOR TEXT 

GEOLOGIC MAP 31 l~~jl SHEET 2 OF 3 
R.7W 

MORRISON FORMATION MAJOR 
URANIUM MINES 

R.6W. 

MAP NO. NAME 

Poison Canyon 

OPERATOR 

2 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Dysart No. 1 

San Mateo 

Cliffside 

Elizabeth 

Marquez 

Section 27 

Section 27 #2 

Sandstone 

Ann Lee 

Section 33 

Section 17 

Section 32 

Section 19 

Section 30 West 

Section 30 

Section 24 

Section 25 

Section 23 

Sectiori 15 

Section 22 

Black Jack # 1 

(First sandstone uranium discovery 
in region. 1951) 

(First Westwater Sandstone uranium 
discovery, 1955) 

United Nuclear 

Kerr-McGee 

Kerr-McGee 

Kerr-McGee 

Uf1ited Nuclear 

United Nuclear 

Kerr-McGee 

United Nuclear 

Kerr-McGee 

Kerr-McGee 

United Nuclear-Homestake 

Kerr-McGee 

Kerr-McGee • 
Kerr-McGee 

Kerr-McGee 

United Nuclear-Homestake 

United Nuclear-Homestake 

United Nuclear-Homestake 

Kerr-McGee 

United Nuclear-Homestake 

(continued on sheets 1 and 3) 
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- ; J) ... _:_:.rJt._:.-\1urr1son .._",)ilt2.·..:r·o1 r! 12:nt. 

) 6 
• 1 .b CJn ie~·t .:int:Ja 1~ ~nc f·.:.idilto L 1:iestone O\·er .. 

, I 

·. in2 tr~e EntrJdJ S.::r.osrone. 
() 5 

~e li:.:eswne is rninea 
;r ::~:Jrriec ror :::=:greg::ite \\•1ich \\;[$used 
.,,;· :·~nstruction ur· l·c:erstate f-iie:hwav _,.IJ in 
.::::stcr;-; .:..n,:o;;J. i'.c ludilto outcroo i::1 
''edi.Hcl\ 1»~nt • v . .:st' •;f rhe road is the t\ ::ie 

: LJlit\ for rne ustr2cocie \ii![a(_1pris lOdii· 

·::ns1s. Flis nc'.\ sDecie;; 1s SJ.id to be dcri
·11telv :10nmJrine Jr:a hJ\e tl1e following 
uimensions: 1)65 0r:i ir)n~ U.50 mm. hi~h. 
;.no 0 35 mm. rhick. Ruad JheJd cuts down 
througn the EnrrJdJ.. 

i .a 

3.1 CuntJCt or rhe EntrJOJ SJnastone Jna Ciiir.il' 
rormJt1on is C\DOSea Jl the t'~J:;e !Ji tlil' i:Jil 
:t 2 00. The Chinie is the so(t·\\CJmering. 
;.'uroiish shalv unit. 

2~5 

';~:5.6 STOP 3-Discussion or rhe :\\e-soz(JIC St«.:tion 
e\oosed on c1iffs. Ti1e Owl Rocr-. \l::>mrer or 
;:;e Chinie Formation 1L'pper TiiJ.ss1c1 is 
~'oorl\ exoosed Jt the bJse or· 'he c:irf. Ti1e 
Owl Rock is unconrormaol\ O\ eriJin l)\ the 
Entraaa SJndstone or Ltc lurJ.ssic .i>re. The 
Entr:iaa is about ~50 feet t!1ick here Jnci has 
been divided into three rans on U .S.G.S. 
Gua.drang1e mJos in this Jrea. The IO\\er 50= 
feet is called the lvanbito Member ana is a 
cross-bedded sandsrone unit thJ.t rormerlv 
"as considered tO be Wingate Sandstone. 
...\bove this is a 50::-foot·thici\ medial silt-
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-tone •l'emrer. .:nu t'~cn t:1e mJin thic"
iooer SJndstonc memner. lne EntrJdJ is Jn 

eoliJn deposit. 
The EntrJdJ is merlJin t)v the l lJ to 

11).fl)ot-thid.. ludilto Limestone. The sluoe
i.ormer .lbove this is the Surnmerviile FormJ
:ion which is 1bout 1.;o feet thicl\ Jnd consists 
,,[ reddish brown to or:rnge siltV SJndstone 
.:mi siltstone. T:1e <.i'-L'rlving Cow Sor·ings 
S.inJstone 1s Jivided 111to J lower unit mJde 
c;o ur cosets 01- medium sc1ie cross-bedded 
oJndstone Jild tlH bedded siitv sJndstone 
J:1d Jn upper thick. light greenish grJv unit 
consisting or IJrge scJle. eoliJn cross-bedded 
s1ndstone. The Cow Sorings hJs Jlso been 
cJlled Bluff or Zuni SJndstone Jnd ThoreJu 
Formation. 

The .\1orrison conformJblv overlies the 
Cow Springs Jnd is divided into three mem
bers which 1n ascending order Jre: 1 1) Re
·:J.oture \\ember .. rn interbedded reddish 
L'rown siltstone Jnd light grJv sandstone unit: 
I~) Westwater (Jnvon \\ember J thick. light 
red fluviJI SJndstone unit; Jnd ( 3) Brushy 
BJsin Member. J slope forming unit of green
ish to purplish grJv shale Jnd sandstone. In 
eJrlier mJpoing, CIJv Smith nJmed these 
three members. in Jscending order: Chavez, 
Prewitt Jnd C1samero members .. .\n uncon
formity is present either Jt the base of the 
\·1orrison or within the Recaoture .IV1ember. 
The Westwater CJnyon Member is the major 
uranium producer in the Grants minerJI belt. 
The Todilto Limestone Jnd fluviJI sJnds in 
the Brushv BJsin Jre Jlso productive. 

The brown unit CJooing the hill is the 
basal fluv1ai sandstone of the OJl\otJ,· which 
unconformJblv overlies the Morrison. The 
DJkotJ truncJtes the section to the south 
overlving the Chinle Formation south of the 
Zuni uplift. 

The unconformitv Jt the base of the 
EntrJda is a regional unconformity in which 
the Entrada and JssociJted CJrmel Forma
tion overlie progressivelv older strata from 
-.vest to eJst across the Colorado PIJteau: one 
might cJll this the crJton's response to eJrlv 
~evadan orogenv. 

An interesting bit of nomenclatural historv 
concerns the tvpe Jrea of the \Vingate Sand
stone. This is at the Wingate cliffs; J con
tinuation of these cliffs extend about n 
miles to the west near Fort Wingate. New 
\-1exico. After the Wingate place nJme was 
Jpolied in ~ew Mexico. the Wingate nomen
clJture beCJme firmlv entrenched ·in the 

1tcrJture or soutlleJstern Utah fur J )Jnd
stone bed which J['.'lparentlv does not exist at 
the tvpe localitv. \\'hen. it wJs reJlized thJt 
the tvpe Wingate wJs Jctuallv the Entrada 
SJndstone of southeJstern lJtJh. i·,Jr some 
:·eJson, the rirst rererence Jnd t\pe iuc1litv 
-,:id not tJl\e orecedence. E'1er since. some 
'.\<)rkers hJve tried to include a p.lrt or the 
\\'ingJte in the rJriginJi \\ ingate : ~:ow En
tradJJ cliffs. but regionJI correlations show 
rhe Wingate truncJted edge i~ fJr to the west 
neJr the . .\rizonJ-;\;ew :\1exico boraer. The 
Wingate is present in rhe northwest corner of 
.~ew Mexico. lncicientJllv. the \\ingate. 
which was originJlly considered to be EJrlv 
Jurassic in Jge Jnd later wJs thought to be 
LJte TriJssic. is now considered EJrlv ) urJs
sic in Jge on the bJsis of pJlrnomorohs 
found in the timc-equivJlent ;\\oenave For
:nJtion in south-centrJI UtJh. Those oJleon
L<Jlogists Jre J shift\· bunch; 

1.5 
I 07.1 Thoreau ChJpter House on right. 

1.3 
1 OS A Cross San tJ Fe RJil roJd tr Jc l\s. 

0.2 
l OS.6 Turn left on frontJge roJd: do not go under 

1--W! After turn, \1t. TJvlor is straight aheJd. 
On right is dip slope of Chinle ilJrgei\ Son
sela SJndstone Bed) off Zuni uplift to south
west. 

2.8 
111.-1 On left Jt 9 00 is good 'iew of cliff expo

sures from Chinle to OJl\otJ. l_ight green. 
111.:issi\e sJndstone Jbout half wa' up is eoliJn 
Cow Springs SJndstone. Refrr to mile 105 .6 
for discussion. 

2.2 
113.6 Roadcut in Chinle. Haystack Butte is straight 

Jhead. This is the location where Paddv ,\1Jr
tinez. a 1\Javaio sheepherder. collected sam
ples of the Todilto Limestone containing 
vellow uranium minerals. Publicitv associJted 
with the find started the urJnium boom in 
the Grants area in the fall of 1950. 

3.7 
117.3 RoJdcut in Chinle (Sonsela SJndstone Bed). 

1.0 
118.3 RoJd 1unction with N.M. -112: continue 

straight ahead. 
0.5 

11 S.S KOA Campground on right Jnd road junction 
on left; turn left toward Borrego PJss. This is 
BJca-the point where J proposed rJilroJd 
spur will head north to Star Like to bring 
.Jown coal to the SJnta Fe's main iine from 
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National Wetlands 
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• Wetland classiftcations 
• Highways. roads and other 

manmade strudures 

• Water features 

• Geographic names 

1984 

Produced by the United States Fish and WUdJife Service 
Wetland classilicariom from 1:58,00) scale coiOI' infrared aerial 
photographs taken 1981 and other SOW"Ce daia. .... ' .... 
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SPECIAL NOTE 
Th11 doClllltnl we1 Of•l*ld prirlwtt !Iv rt•-crioie lnll'n• of lliVft lltitudl •• 

p/IQlOQfllPlll. Wflllndl w•• 1den11fild on Ille ollol09f1ICllll MMCI on •194111110n. Vllll 
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H--. a die Ulilmd • ._ !An Oper1tionll OnltU C_.din. fl a. 1117. The 1• 
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• Wetlands which haw been fi4"d axamined are indicat• 
on the map l:rt' an asterist ("t. 

• Addition& or e«rectionS ID the wtrt!Mds information 
dispiavecl on this map llfe tolicited. Please forwatd sue· 
informetion tome llddresa indialled.. '·"'- · 

• Subsystems. ci ...... Subd....., end wit• Regimes 
in t11/ics were developed spec:ifteallW-b NA~ 
WETI.ANOS INVENTORY tn.,....-::·; .. • '· · 

.; Some 1r"' designated liJMSB. ~.:OR ~SJ 
(INTERMITTENT STREAMSJ-l'ICl("inMI thlt dtflf'i~ 
Uon ot wetland..,·~~\~..i .. ~~-· ;.:r.,.~~~;+L~-- . 
- • . -· - ·1:~_;_ ... .:...:._....:..:__t'!_._~x..:~~ 
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Other information including a narrative repon concerning thE 
wetland resources depicted on this document may be available. 
For information. contact: 

Regional Director (AROEI Region II U.S. Fi~h and Wildlife Servicf 
PO. Box 1306 Albuquerque. New Mexico 87103 
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GEOCHEMISTRY OF URANIUM 

I. Atomic Chemistry of Uranium 

A. Atomic Number: 92, heaviest naturally occurring 
element. 

B. 

c. 

Atomic Weight: 238.03 

Naturally Occurring Isotopes 

Mass No. 

238 
235 
2 34 

Abundance 
Wt. % 

99.28 
0.71 
0.0054 

Activity % 
(radioactive 

decay·events 
per unit of time) 

48.9 
2.2 

48.9 

D. Nuclear Properties 

E. 

shell 

shell 

shell 

shell 

shell 

shell 

shell 

1. All isotopes of uranium are radioactive. 

2. U-235 is readily fissionable. 

3. All isotopes of all elements above.Bismuth (83) 
are radioactive. 

Isotope Half Life 

u238 4.51 x 10 9 years 

u235 7.1 x 10 8 years 

u234 2.48 5 x 10 years 

Electronic Structure and Valence States 
Orbitals 

¥"" 
radon core 

¥ 86 

/ Rn222 
,,.... 

/ 
,;It::"' 

in case of uranium 
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2. Energy of decay process often results in oxidation, 
therefore u234 may be u+6 from u238 in uo 2 (uraninite) 
Note: u238 and u235 always in fixed ratio in 
nature. 

Measurement of Nuclear Radiation 

A. 

B. 

c. 

Alpha (~) radiation measured by 

1. proportional counters (gross~ radioactivity) 

2. semiconductor detectors, for.::>< energy spectrometry 

3. photographic techniques (track etch) 
radono< particularly 

4. helium analysis with mass spectrometer 

Beta (~) radiation 

1. measured with proportional counter 

2. not very useful, except for ore grade control 

Gamma (() radiation 

1. Because of high range and discrete energy levels, 
most frequently measured radiation 

2. Geiger counter 

a. inexpensive, measures total 5s from all 
sources, non energy selective 

b. ~s entergas-filled tube, ionize gas, giving 
electrical impulse 

3. Scintillation counter 

a. medium resolution ~energy spectra 

b. medium cost $2000 - 20,000 

c. ~strikes NaI crystal, converts energy to 
light. Sorts light intensity for dif rent 
energies 
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Semiconductor detector {germanium) 

a. high resolution ¥spectra 

b. high cost 

Uranium Analysis by Gamma Spectrometry 

1. 

2. 

3. 

4. 

0
239 

a. 

b. 

c. 

d. 

e. 

series 

u
238

, u
235

, u
234 ~energies are too low 

for practical measurement 

. 214 d ht . u238 . h v . Bi , aug er in series, as o energies 
of 0.61 MeV and 1.76 MeV which are readily 
measured. Figure 28. 

Bi 214 is good measure of Rn 222 

.214 . . . l' bl f 238 235 Bi activity is re ia e measure o U -U 
activity only if sample has not weathered for 
1 million years, and radon has not escaped for 
3 weeks 

Bi 214 is the mechanism of "radiometric 
assaying" for uranium 

Th 232 . 
series 

a. 

b. 

c. 

K40 

a. 

208 
Tl daughter has high energy 2.615 MeV o 
{Figure 29) 

232 . . 1208 . . Th analysis by measuring T activity 
because short-lived daughters 

232 . y . f . h 1 76 Some Th series , s inter ere wit . 
MeV ( from Bi214, so need to know Th content 
when measure Bi214 activity 

gamma spectrum 

high energy 1. 4 6 MeV r {Figure 30) 

s . 2 38 uperimpose U , Th232 , and K40 r spectra 

a. 2.615 MeV,Tl 208 
from Th232 

b. 1.76 MeV, Bi214 from 0
238 
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F. Organic-rich limestones (epigenetic) 

G. 

H. 

I. 

1. Dynamic ground water system 

2. Ocean water (2ppb U) or oxidizing uraniferous 
ground water by evaporitic pumping (Fig. 139) 

3. Todilto U deposits, Grants, New Mexico 

a. Algal stromatolites, organic rich 

b. Rest on red, hematitic Entrada Sandstone 

c. U probably derived from Fe-Mg silicates in 
Entrada 

d. Evaporitic pumping of uraniferous ground 
water to organic-rich reducing environment 
in Todilto 

Coals (epigenetic) 

1. Uranium accumulation principally in low-rank 
coals 

2. Beneath unconformity with overlying tuffaceous 
oxidized rocks 

3. Black Hills example (Fig. 140) 

Sulfide-bearing veins (epigenetic) 

1. Beneath an unconformity (Fig. 141), or 

2. at the ground surface 

Reducing gas moving to uraniferous oxidizing water 

1. H2S, methane, or other volatile hydrocarbons 
move upward, through ground water 

a. U and pyrite precipitation at ground water 
table (Fig. 3lr) 

b. U and pyrite precipitation at positions of 
maximum reduction, at or near point of in
troduction of reductant into oxidizing ground 
waters (Fig. 142) : 

1. along faults (S. Texas, NW Colorado) 

2. above subcrop positions of petroliferous 
aquifers 
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Fig. 139 

SASK HA DUNE FIELD 

Evaporitic pumping bringing oxidizing uraniferous 
ground water through underlying sandstone (Entrada) 
into reducing environment of algal stromatolitic 
limestones (Todilto Limestone). 
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Uranium Resources of 

Northwestern New Mexico 
By LOWELL S. HILPERT 

GEOLOGIC.-\L SCRVEY PROFESSIONAL PAPER 603 

Prepared on behall o/ the 
..; -· 

lr.s. L1tomz'c Energy Commz'ssz·on 

~4 descriptz'on oj. the stratigraphz"c and structural 

relatz'ons of the ·varz·ous types of uranz·um deposz'ts 

z'n one oj" the world's great uranium-producing 

regions 
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-:-.,:aLE 4.-.:·,anium depoaita. bu countv. in nortllweatern :\·ew Me.:rico--Continued 

:...vcauon 
:; a.me ot depos1 t 

Pat !Oakota1 liUl .. 'E1~\"P·; 4 ____ . 13 \". 
:1 bout :300 ft 
'~om ·, ce>r. 
~ecs. J and 

Section 5 (West- . ) . - - -- - - - - - - - - - 13 N. 
vaco: Febco1'!l) 
i'6). 

Sections 10 and lL 10 and 1 L _____ 13 \". 

Sections 12 and 13_ 12 and 13. - - - - - 13 \". 

Section 14. _______ \"E'{ 14- _______ 13 \". 

Red Point Lode 
:Z8). 

~ \\"l~S WI; 
:-.;w 1; 16. 

l:l \". 

Section 1 ;' _______ . \" \Y11. 1 i _ _ _ _ _ _ _ 13 \". 

Do ___________ \"W 1 1.NW 1 ~ 13 N. 
SW 11. li. 

Section 18, NE~L-- S 1 ~NE 1 ~ 18 _____ 13 N. 

Section 18. SW11. SW•·; 15 ________ 13 \". 
(Williams and 
Thompson! 132). 

Section lS. SE 11. SE\~ !IL _______ 13 N. 
(Williams 1 133). 

!fa\·stack !Hav- \"W 1·; 19 _______ 13 \". 
.;iack Butte:· 
~ection l \J. 
.'<WV.) (16). 

Section 19. NEt~ \" 1 ~N~~\"E\~ 19 __ 13 '.'!. 
! 34). 

Section 22. NEY. ___ \"E'~ 22 ________ 13 '.'<. 

Section 23 (38) ____ S~~SEt·; 23 ______ 13 \". 

Bob Cat Ul) ______ \"D~NEI~(?) 24. 13 '.'<. 

iL 

10 W. 

10 W. 

10 w. 

10 w. 
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10 w. 

10 w. 

10 w. 

10 w. 

10 w. 

10 w. 

10 w. 

10 w. 

10 w. 

10 w. 

10 W. 

10 w. 

Descnptlon ot deposit a.nd sampie 

-"'lcKlnler C<>unt1-C-0nllnued 

\lineraiized zone in c:irbona\:eous Randstone near 
:;:ise oi Dakota Sandstone. Ure mined from ooen-
•:m. 19.53. · 

.c::p,·erai lenses oi darl:-!lra v radioactive material in 
:one about 1.) ft thick in "uooer o:irt of 60- to .~O-ft
·:iick sandstone. This sanasi:one mav be at base oi 
.Imb or at too or' Jmw. The lenses' are in buff to 
.:rav crossbedded sancis:one and ran!le in thickness 
from a few inches to aoout 1 ft. In 19 'i4. the 
· . .-orkin!ls were four short oarti,· connected adits. all 
"'ith_in an outcrop distance or':ibout 100 ft. >lined 
'!1 19.52-63 but mo;:t of ore mined since 19.iS. 

PrJbabi\· in Dakota S:indstone. but some rru\· occur 
in Jmh. Ore was mined from adit, 1958. · 

>lineralized material in rnndstone in Jmb and 
::iossibl\· in Jmw. 

:.rineraliz.ed material in sandstone in Jmb and 
possibly in Jmw. Locality is near western limit of 
.Jmpc. Relations of the deposits to Jmpc are not 
~D09ttn. 

Some mineralized ;oandstone and a few scattered 
:nineraltzed iossii io~ at outcrop, probably in 
. !~oc. 

~rr.aii. deposit in middle and lower pans of Todilto 
Limestone. associated with e~tward-trendin11: 
intraformational :inticlinal fold in iimestone~ 
Deposit mined from open pit. 19.52-.'i5. 

Several small deposits in Todilto Limestone ________ _ 

Small deposit in Todilto Limestone _______________ _ 

Xorthward extension of several medium deoosits 
from SE 11. of section and several other scattered 
small deposits in Todilto Limestone. 

Cluster of medium and small irregularly shaped 
deposits in Todilto Limestone. Several deposits 
mined from inclined shaft. others irom opencuts. 
1952-64. 

Cluster of medium and small irre~ularly shaped 
deoosits in Todilto Limestone. Depo81t.s mined 
from open pits. 19.53. 

Lar11:e. irre11:ularlv shaoed. rou11:hlv tabular. oarth· 
oxidized aeno:ih aooroximateh· 'in middle o'art of 
Todilto Lin:i.e:none: 'Deoosit i3 ·elon11:ate northward 
and associated with numerous intraformational 
folds in limestone. some oi which include the top 
few feet oi the Entrada Sandstone These folds 
ha\·e diverse trends. but the dominant trends are 
northward and eastward. Ore mined from opencut, 
i952-57. 

Several small or medium deposits. near or at outcrop 
of Todilto Limestone. Deposits mined in 1951}-64. 

Small deposit in Todilto Limestone. Deposit worked 
o~· open pit, but no shipments reported. 

Cluster of 8mall and medium irregularly shaped 
deoosits in middle and lower parts of Todilto 
Limestone. Cluster is in elon11:ate zone about 300 ft 
wide that trends eastward alon11: wuthern mar11:in 
of SE~~ of section and into adjo-ining secs. 25 a-nd 
~6. Ore mined from opencuts, 195i-58. 

Deposit probably in Jmpc. Ore shipped in 1955 ____ _ 
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PENECONCORDANT DEPOSITS Dr TODILTO LIMESTONE 95 

The high uranium content of the host rock is dem
vnstrated by a suite of 10 samples collecred between 
Abiquiu and Santa Fe (fig. 18). eranium content of 

I hese samples ranged from 2 to 12 ppm (parts per 
. 1il1ion) and in-eraged > 5 ppm. Eight of the samples 

were sandstone and two were siltstone. Althoullh thev 
·1· :ere collected roui;frliy parallel to the strike - of th.e 

eds. they likely represent several· hundred feet of 
stratigraphic section. including the part that contains 
·he uranium deposit.;;;. becattS€ the c01·erage is about !O 

mon: nearly all of them a.re associated with faults and 
are classified as \·ein deposits. A few others are seg
ments of deposits that are primarily in sandstone; they 
ha\·e been described previously. Most of the deposits 
in the T1)dilto Limestone are in the Ambrosia Lake 
and Lui:runa districts. :\IcKinley and Valencia Counties. 
.\. few are scartered in the southern part of the Chama 
Basin. Rio . .\.rriba County, and in the Chuska district. 
San .Tuan County. 

I 

·1 

nile.g. · 

The hi~h uranium content of the Tesuque Forma
r ion can most like! v be attributed to the hiO"h uranium . ,,, . 

oncentrations in the ;·olcanic ash. as shown bv the 
.allowing fi\·e samples: • 

3a.mple · Description 
eranium 

contEnt <.PPrn I 

From 1950 to 1964. about 980.000 tons of on ,..as pro
duced from 52 mines in the Todilto Limestone. This ore 
had an avern.l!e grade of 0.22 percent r,08 but ranged 
from tJ.10 to 0.43 percent C 30s among the mines. Prior 
to 1959. H.5.000 tons of this ore averaged 0.14 percent 
·~: :0, and had a C: Y ratio of about 5: 2, similar to that 
of most of the deposits in sandstone. All but a few 
thousand tons was mine<l in the Ambrosia Lake District: 
the remainder came from three mines in the Laguna 
district. and one mine in Rio Arriba County. I ''A I ___ - . Ct'nter E•~ •ec. 33. 

T. 19 '.\. R. 9 E. 
i "'l milr: ~outh of 
localitv .1f ;ample 
:!.~2605. fii< l '!L 

Top 3 in. of 42-
in .·thick expo
rnre of a~h bed. 

18. l ' 1
' The ores ranged fro :25 to 98 percent lime and aver

ag:ed 80 percent. Ores from only a few mines averaged 
less than 50 percent CaC03: these were mostly mixed 
ores that came from deposits that extended into the 
underlying Entrada Sandstone or overlying Summer
ville Formation, su.ch as the Sandy, Zia~ and Hay
stack 2. 

I "BS ____ _ .... do .... -·- ... 28 in. above base 
of a.sh bed de
scribed for 
sa.mole 2A. 

10. 7 ,31 

I 
I 
I 
I 

I 
I 
I 
I 
I 

... do .... ---· __ 

:.!39584 ... :'.'{Wt;SEt; sec. 17, 

3958.L. 

T. 20 :S .. R. 9 E. 

Center 5Wt, sec. 17. 
T. 20 :S .. R. 9 E. 
' 3 .. 500 ft north
'!ast of !ocalitv of 
,;ample 252603, 
fi'\. 18. and l. 700 
ft west of loca.litv 
.Jf 3a.moie :!39.584 
l~ee a.b.ove 1. 

6 in. above base 
of a.sh bed de
scribed for 
sample 2A. 

Channel across 4-
ft-thick white 
tutI bed. 

(I) 

..do •. -------- (1) 

STRATIGRAPHY 

20 RegiDnal stra,tigrnphy of the Todilto Limestone and 
its relations to the underlying Entrada Sandstone and 
onrlying Summerville Formation were outlined pre-30 
viously ( p. lS). but the local stratigraphy in the Am-
brosia Lake and Laguna districts will be discussed in 
more detail to explain the relationships of the deposits. 

Tn the Ambrosia Lake district only the limestone 
member crops out, but the gypsum-anhydrite member 
has been penetrated by drill holes about 8 miles 

• Analy•t. c. o. Angelo. north of the outcrop ( J. C. Wright, written commun., 
; ~~~.r::.m R. L. Cannon oralcommun. l~J. 1957). The limestone member, which contains all the 

These samples show a range in content of 5.6-30 deposits. ranges in thickness from a.~ut 5 to 30 £:et 
)pm l- 0r eC and. although the eC values mav be and arnrages about 15 feet. It compnses three uruts 

.1igh because of disequilibrium, the tuft's probs.bly I \\:hich a~e ref:.rred to locally as t~e ba_sal .. "platy," me-
a \·eralle more than the entire host rock. I dial "crinkly,· and the upper ·massive .. zones. The 

Th; uranium deposits postdate the Tesuque Forma- platy and crinkly zones are about. equal in thickness 
:ion. Their surficial relations and em·elopment within and compose about half the t~tal th1c~ess of the me:n
radioactive opal. which also coats surficial debris~ in- ber. The~ consist of ~ne-gram~ la~ma~ed and thm
::iicate that they were probably formed in the present ?OOded limestone. which contains thm siltstone ~art-
2vcle of weatherinJl. mgs and locally seams of gypsum. Black fine-grained 
· - films of carbon-rich material are conspicuous locally, 

PENECON"CORDA..'<T DEPOSITS IN TODILTO LIMESTONE especially along the partings in the crinkly unit. Bed-
AND ADJACENT FORMATIONS ding in the platy unit is undisturbed, but in the crinkly 

About 100 deposits or clusters of deposits are listed unit is intensely crenulated. The massive unit is more 
in the Todilto Limestone. of Jurassic age, on plate 1. I coarsely crystalline and indistinctly bedded limestone. 
Deposits occ.ur in or her limestone units, but are uncom- i and it rnries markedly in thickness from place to place. 
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EXPLANATION -Limestone orecc1a 

Limestone 
~om1nateo 

Limestone 
Moss111e. rrnck·bedaed. Oosneo 

,•,mere bedding 1nasst1nct 

i;:;; .~U 
Diabase 

Aragomte 

Coarse calcite 

--. -l.o----
1 sorad line 

Showing roa1ooct1v1rv, 1n m1111rol!Mgens 
.:Jer hour. 1"10Chunn 001nt 1n 01rect1on 

::JT. n1gf"'ler roo1oocm11ry 

I 
Frnt:RE 10.-G-eolooc seetion acrof'." uranium depoi'it in Todllto Limestone. ~bowing displa~ment by dial>a.se 

intrusive. Sandy mine a!"e'!I. Geology by Frank Hensley. 

intersect deposits, the deposits a re displaced and 
'1erefore must be older. I Gabelman f 105f\b. r· :301-:)9::?. fi!!'. 132), however, 

impiied that the deposits ma:; be :rnunger than the 
~rnlrs and friids hy noring that the deposits occur 

I · ·irhin the al'en. of srron.Q'esr faultin2' and along rhe ' 
1xes of northeasnn1nl-rrendini:.r folds. both of which 
•re nn the tl;\nk nf the Zuni uplift and within the ; 

I 
I 
I 

1arpeq bend •>f ~he :'rrike nf rhe Thoreau homocline , 
rne:rninl! rhe iwnd nf the Chaco slope sow:heastward 

1ro11nJ the Zuni urlifr :ind "Olltil\qrd ::t!onl! rhe WPS[ 

:rnk of the .\kCarrys s:rnclineJ. 
Gabelman's northeastward-trending folds probably 

ire rrlared ro the -ubp11railel fault;: 1 ~ee p. 61). :rnd 
'nrh rrohably are the same cl!Ze. Bec:rnse the faulr~ 

ispiace the deposits. both the folds and the faults must 
''e y011ni;rer than the deposits and could not have infl.u
Pnced their emplacement. 

I The oldest recoirniz:ible ~ructur:il features that are 
ertainly younger than the deposits are the fractures 

:n the Lairuna disrrict that formed contemporaneously 

I ;ith the Rio Grande trough during the third period of 
.eformation. These fractures are intruded by diabasic 

dikes and sills which. in turn~ are broken by the same 

I 
2t of fractures. a relation that indicates their contem

.. ornneity. The deposits show no relation to the :frac. 
~ures, and the diabasic intrusi'ves displace and metamor-

·1 ,h~ the uranium deposits (~foench, 1962; 1963c~ p. I 

I 

161) lfig. 19). These facts demonstrate that the deposits 
are clearly older than the fractures and the intrusives. 

Field relations indicate the fractures and intrusives 
probably formed mostly in middle t-0 late Tertiary time, 
and probably prior to the Mount Taylor eruptions. 
Inclusions of the diabase were found in a volcanic pipe 
that probably supplied one of the earliest basaltic flows 
(Hilpert. and )loench. 1960. p. 444). The fact that these 
flows we.re extruded during- the latest SLai;es of the 
~fount Taylor eruptions indicates the diabasic rocks are 
at least older than what may be the oldest basaltic flows. 
Because the entire sequence of )fount Taylor probably 
formed during an erupth·e cycle, a relatively short 
period of time. the diabasic intrusions probably took 
place before the )fount Taylor cycle. as weli as before 
the basaltic extrusions. Conclusions are that the deposits 
are older than an!· of the intrush•e igneous rocks within 
the La1?Una and _\.mbrosia Lake districts and that their 
emplacement ('ould not haYe been influenced by them. 

PEXECO~CORDANT DEPOSITS I~ SHALE A~D COAL 

Deposits in shale and coal are quite similar in mineral
ogy and form ro those in sandstone and. in some in
stances. where they occur in nearly equal proportions 
in both rock t:pes. are classified rather arbitrarily. The 
host rocks. however. are different., so the deposits are 
separate-cl for descriptiYe purposes. The deposits occur 
in shale and coal of Permian. Cretaceous, and Tertiary 
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R:rnaporr. H:tdrielci. :1:: '1 il:"lm 1 t:i.·)·2 l hi:,.; de.:'1Tii.J€d 
rhe inrraformati<Jll:li r.-.j,[~ :inti dated their cien•lopment 
:r:' "iiorrh· :1 ftrr ,j,.pr•"lfl<•n .,f thE' T,._]ilto ""'limenr:::. 
i r:1bPl111a11 ! J '.1:·,r-,L: ·ie'<T~r1rd ~,,mp nf rhem in detail and 
·in>\\' ,.;imi«1t' 1'111\<';ll"i"n~ !1'!,!'ardin!.; [llE' aze nf thE'il' 
f()rmario11. :tnd Hill'PtT :ind .\[rlt'n<'ii 1 lDfi01 de,,..:ribed 
rht'ir :1..;;.;n .. iarinn :1111i 11rnr•ahle 1·outempni-aneit\· \\'ith 
:he lar;rer pre-Dah:nr:1 t'nid" in rhe .\.mhrn.;ia L;tkE' and 
La.guna districts. 

The intrnformationai folds occur in a great rnriety 
•)f shapes. ranl!'inl! ir0m open and closed anticlines to : 

' recumbent folds. cnenon folds. and fan folds. They 
are mostlv amiciinal and as,·mmetric. but some are ! 

s;·nclinal. ·open. and ;;;ymmetri~al. lfost of the folds are · 
~mall. pronounced structural features that ha.-e ampli- ' 
rudes generally less r han their breadths. The largest 
ha\·e a breadth of as much as .50 feet and an amplitude 
of about 25 feet and innlh·e the entire thickness of the 
Todilto and basal part of the o,·erlying Summerville ' 
Formation. The smallest are measured in inches or i 
fractions of an inch and commonly bear a dr::i.e: relation 
rn. larg-er folds. In lenl!'th the folds range from a few 
feet ro hundreds ni feet. The:• mostly are somewhat 
sinuous :rnd elonl![lte; but some are rather tortuous in ' 
plan or are simply <lomaL 

ward· anci nortnwarci-trendinir pre-Dakora ,;:rnciine.5. 
and the dominant trends of the axes of the intrafor
mational folds are like'\\ise east"ard and northwarci 
1 :\[oench. 1D63c, p. 159). (See fig. 0. this :report.) 

The Todilto Limestone in the Laguna district is aiso 
some'\\h~u thicker in the synclines than on the crests 
of the adjoining folds. This fact suggests that the intra
fonnationai folds fonned by tlowage down the limbs 
of the pre-Dakorn. folds. This flo'\\age apparently oc-
•'Urrt><l under cm·er in po;:;t-Todilto time because the 
imrafnrn1:1tio11:1i fold;; are nor tnrn1·atP<! fiy heddin£" 
pianes. 

Similar reiations are indicated in the Ambrosia Lake 
district. 1V"here data are arnilable, particularly "here 
uranium deposits ham been mined. the intrafonnational 
folds also tend to trend eastward and north'\\ard and 
to make up clusters with similar trends i Gabelman. 
J 0.'inh. 1:;+-1:;.'>: Hilpert and :\[oend1. U1nn. p. -Hlll

+t->1. tiir. L"l. The pre-Dnkota folds in the o\·erlyin!.: 
rocks like1,'i:0e trend east"·ard: others miQ"ht also rren,i 
11n1·tilward. a::' in the Lauuna distrirr. hut m()re derailt>1i 
information is needed to determine this. 

In rhe t 'h11ska di:':'tricr ,;:mail anticiinai intraior111:1· 
tional folds occur along a -!-mile strip of outcrop "est 
of Sanostee in the upper pan of the Todilto. The largest 
folds ha,·e amplitudes of as much as 2 feet. a width oi 
:J feet. and a leng-rh of 1;) feer. "·here l'oncenrrate-d nr 
mo6t hi!!hly dHeloped rhe~· are ;mbp:m1ilt>l. bnt i'ho,\· 

The folds io!eneraily tend to be concentrated or clus
tered. and in both the Ambrosia Lake and Laguna dis- ' 
tricts the fold axes in the clusters generally trend east
ward or northward. Others show an almost random no relation ro Laramide :>tructures 1 J. "·· BLLl!brou(!'it. 

, D . .\.Thieme. B. .T. Archer .. fr .. and R. "··Lon. written 
com mun .. 1959). 

arrangement. 
All the folds are fractured or jointed and some are 

faulted. The associated faults. however. are almost in-
\·ariabl:· intraformational and die out within the folds i 
or within the Todilto Limesrone and basal part of the ! 
:;:;ummen·ille Formation. )fan:· faults are re\·erse type . 
and closel:· follow rhe axial plane of ti!Z.'ht or recumbent 
folds. All the related faults. however. show little dis· 
placement. seldom more than a foot or ~o and generaily 
not more than a few inches. 

)fost joints are nt?ariy nrtical and comprise many : 
;;ets. The principal :>er i;;: longitudinal to the folds and i 
probably formed '\\ith the folds or shortly after. similar l 
ro the intraformational faults. Other subsidiary joints i 
make up an almost random pattern. although in some i 
deposits in the Ambrosia Lake district a minor set is 
roughly normal to rhe fold axes. :\fony of the joints i 

probabl:· formed durinir later periods of deformation. 
The complexity of rhe fold and fracture patterns is 
illustrated by the 'itructures in the Haystack, Gay 
Eagle. and Black Ha'\\k deposits (Gabelman! 1956b, 
figs. 135-137). 

In the Laguna district the intrnfonnational folds are 
localized along the thnks and troughs of broad east-

In thE' :"illlth parr of the Chnma Basin. >'imilar inrra
fnrnrntional fold:;; ha\'e bt>en HotNi in thf' T1)\lllto Lme· 
:"tr•11f' :tr rhe ontcrop ;;.ourh and ea:-'T of (',.y1)tf' . .'nm(' ""r 
t!1ese iolcls ha,·e amplitudes oi :1s much as ;;enral 
and ~-idths of as much a:> :25 or ;311 feet. but their lern:rth:= 
and rrends are not known. 

:3tructural features that formed principaiiy durinc
the second period of deformation in rhe Ambrosia Lake 
district consist of rhe Charo slope nr homociine. ''esr 
tiank of rhe :\IcCarivs :n·ncline. a set of tr'.lctures rrnc! 
folds that ranire in t.rend from northeaSt to north. anci 
;;ome domal and anticlinal ;..;ructures. 1 :-:.:.ee p. 1;1-1;:21. In 
the LaQ'Una district thev consist or the east limb of the 
:\IcCa;vs srncline. o. n~rth-trending faulted monocline. 
and a ~t of faults and fractures rh-at '\\Cre intruded in 
m:tn\· places h:• diabasic dikes and ;:ills. 1.-.:~ p. ~:21. 

MINERALOGY AND FORM 

:\hneralogy of the uranium deposits in the Todilto 
Limestone has been partly dE"SC'ribed h:· Rap<q•ort. I·hd
field. and Olson. ( 1952~ p. 9-12). La,·eny and GrOS5 
11D56. p. :WO\. and Truesdell and Weeks t 1D60). and 
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has been summarized by Granger ( 1963! p. 33-35) and 
by .:\foLaughlin ( 1963. p. 140). 

The deposits in the Todilto differ from the ones in 
sandstone principally in their relative sparseness of 
metallic :mlfide minerals and in the occurrence c)f 
fluorite. 

Cnoxidized minerals that ha,·e been identified are 
uraninite, corfinite. paramontroseite. haggite. tiuorite! 
pyrite. marcasite. and galena. Barite. specular hema
tite. rnnadium clay. and recrystallized calcite are close
ly associated >l"it.h these minerals and probably are also 
primary. 

Cra.ninite is more abundant than coffinite and occurs 
as colloform coatings on grain boundaries. as veinlets 
in limestone. and as replacements of the limestone 
!?rains along bedding planes and along the walls of 
1·einlets. C offinite a.t least locally coats uraninite and 
fills shrinkage cracks in uraninite. 

The formation of haggite. paramontroseite. and 
1·anadium clay generally preceded that of uraninire. ·n1e 
haggite occurs as fine blades and fibers :don!! gmin 
boundaries and solution channels in limesto~e! - and 
5ome as intergTO>l"ths with paramontroscite. The vana
dium clay in some places forms irregular spherical 
aggregates. 

.Fluorite has been observed in sev·eral deposits and 
likely is a constituent of most of them. It generally is 
purple and occurs as a fine-grained replacement of the 
I imesrone along bedding surfaces! as ,-einlets, and 
locally as irregular replacements of limestone that 
form masses as much as 6 inches in diameter. The 
tluorite generally is closely associated with and in places 
'.s repla.ced hy 11t-:rninite. 

Pyrite, marcasite. and iralena are the onlv sulfide 
minerals identified in the deposits in the Todilto. Py
rite occurs as an early mineral which is generally cor
roded and replaced by iater minerals but is most abun
dant as a late mineral which fills solution cavities and 
fractures and which replaces detrital grains. :\Iarcasire 
has been identified only as a late mineral. Galena 
•wcurs as tine-grained cubes deposited with and after 
uraninite and coffinite and as a replacement of early 
pyrite and haggite. 

Coarse-grained calcite occurs along bedding planes. 
fractures, and solurion CU\"ities as a replacement of 
limestone or as recrystallized limestone in and near 
the uranimum deposits. The coarse-grained calcite is 
both earlier and later than most other minerals. 

Fine-grained hematite occurs in most of the deposits 
and generally is associated with the uraniferous zones. 
:-3pecular hematite has been noted with rnnadium clav. 
Hematite also occurs as pseudomorphs after pyrite a;d 

as stains along fractu.res and bedding planes in oi:i· 
dized zones. 

Ba.rite occurs in most deposits a.s a. resinous yellow 
to clo\·e-brown tabular mineral· that lines solution 
ca,·ities and forms veinlets or irregular globelike re
placements of coarse-grained calcite or local dissemina
tions along the bedding. 

~fost of the deposits in the Todilto occur at or near 
the surface and so ha\·e been subjected to :::ixidation 
which has led to t.he rather widespread ocrnrrence of 
the conspicuous yellow and green secondary minerals 
tyuyamunite. metatyuyamunite, uranophane! and prob
ably sklodowskite. Less common secondary minerals are 
carnotite. cuprosklodowskite~ gummite. santafeite, lie
bigire. and ni.rious oxides of manganese and iron. Also. 
the dark-ol i \"e g-reen tibrous rnnadyl \·anadate. grantsite. 
was identified in the F-33 mine (Weeks and others. 
W61) and probably occurs in other deposits in the 
Todilto. 

Earl_\' field.examination reports generally mentioned 
<'arnorite as a constituent of most deposits and created 
the impression that the mineral "as one of the more 
common ones. ~fost of the reported occurrences. how
e\·er. were probably tyuyamunite, which is more likely 
to form in limesrnne in which calcium is in excess of 
sodium. Tyuyamunite and carnotite are both canary 
yellow and difficult to distinguish in the field. 

l-ranium deposits in the Todilto are roughly tabu
lar bodies ha\·ing an irregular fonn similar to the 
forms of the cleposirs in sandstone . .:\fost of them occur 
along the flanks of the folds and some along the fold 
axes rnn~hly parallel to the bedding. but locally the 
deposits cut across the bedding . .:\fany of them are near 
the base of the Todilto. but others are near the middle 
or top. and a few occupy the entire iimestone interval. 
:\fan_.,· are not confined to the limestone, but extend a 
few inches and in some places several feet into the 
underlying Entrada Sandstone. and in many deposits 
as much as several feet into the o\·erlying siltstone of 
ths Summerville Formation .• .\. few deposits are mostly, 
or entirely, in the basal part of the Summerville or 
top of the Entrada Sandstone. Although these deposits 
harn a relationship to bedding that is similar to that 
of deposits in other sandstones, they are dissimilar in 
their association with folds in the overlying or under
lying Todilto Limestone. 

Dimensions of the deposits in the Todilto range from 
a fe" feet in width and length to se\·eral hundred feet 
in width and more than LOOO feet in length. and in 
thickness from mere seems to as much as :?O feet. They 
probably an.m1ge a few tens of feet in width, a hun
dred feet or so in length, and about 10 feet in thickness. 
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':'he l::i.rgest deoosits occur where the folds in the 
Iimesrone are ciustered and have a simiiar trend. Be
cause QI the ciustering, the deposits associated With I 

individual folds interconnect or merire into rei::i.tinh· 
large masses that in some places are- rather irrell"tli;r 
or ooiong. such as the Ha.vstack i Gabelman. 1?56b. ! 

ril?S. i:33. i:J,5) and Flat To~ 4-Vilatie HYde deoosits. 
Others merge and interco~ect to fo~ stri~irlike 
:nasse.;; hann!! a iengi:h manv times their n-ici.th. -sucn 
a.s the F-33 1~Hilpe~ and Jioench. 1U60. ri2. lSi. the 
Faith 1 .)[cLau!!nlin. 1~16:3. fi!?. 6). and the ~ecrion '.:5. 
The dominant ~rends of the~e masses are eastward or 
north"ard. simiiar to the r.rends of the intraforma
tional folds. but many are heterogeneous. 

Ore bodies generally constitute the central parts of 
r he deposits where the deposits are thicker and higher 
in grade . .-\ rray from ore. the deposits feather out or 
grade into barren host rock alon(! rather irre£Uiar or 
1·agueiy defined zones. Ore bodie~ rani?e from" masses 
with dimensions of only a few feet th.at contain Se\·
eral tons of ore to masses that are hundreds Of feet 
wide. more than 1.000 feet Ion!?. and several feet thick. 
and contain as much as 100.000 tons of ore. Jfost ore ' 
bodies. however. aYera!?e about 25 feet in ,,jdth. li 111 

feet in length. and 5-7 feet in thickness. and contain 
about 1.000 tons of ore. :.\fcLau1?hlin~s ( 1063. fi.!!. t) l 
map of the Faith deposit is a good example of the 
general relations of ore to mineralized 2round. 

Grade of the ore ranges :from 0.10 c:os to at least 
10.0 percent C308• 

STRATIGRAPHIC RELATIONS OF THE DEPOSITS 

fortuitous exposure-ri1e Todilt.-0 Limestone nas been 
explored at most oniy a ierr miles from tl1e outcrop-
but more probably it expresses some relation of the 
rieposits to the ori£?inal thickness of. the iimestone. 

STRUCTURAL RELATIONS OF THE DEPOSITS 

Primary uranium depo;:its in the Todilto were cii
reccl.\· controlled by structures that resulted from ti1e 
tl.rst period of deformanon 1 Late .Jurassic to Earlv 
Cretaceous 1, but show iew etf ects. except se-eondary 
rines. from inter deformation. 

The deposits are cioselv relat~ to intrafonnational 
folds in the limestone unci these folds are related to 
broader open folds in the Jurassic rocks. which are 
dated as post-Todilto and pre-Dakota. The deposits 
are post.syngenetic because they cross the limestone 
bedding I fig. Wl. and are postintraformational fold
ing because they transect the imrafonnarional folds 
( Gabelman. l 956b. fig. 136. cros.s section L-K) and at 
lea.st locally transect the broader pre-Dakota folds 
1 Hilpert and Jfoench. H/60. p. -±58. fig. 15: ~foencn. 
1 !163c. p. i63-l 64). 

The ori2inal t!iickness of the limestone 1 ,.:ee alxn-e J 

probnblv had a direrr benrin:z on the iocaiizarion and de
,·elopment of the intraformational folds. Confinement 
of the folds largeiy within the limestone indicates its 
re!a1ire incompetence: it should follow that where the 
limestone is thickest it would ha>e a tendency to ab
sorb a greater percentage of the stresses exerted on 
the rock column. Thus, the degree of deformation ex
pressed by the folds would most likely be a direct re
::ult of the orisifoal thickness of the limestone member. 

.. rranium deposits in the Todilto Limestone show no The deposits are directly related to the folds and gen
riirecr relation to the stratigraphy of the formation ernlly to their degree or intensity of de>elopmenr: 
but riossibly are indirectly related to the eypsum- thus rhe.» are indirecriy reiared rn rhe ori!?inal thick
:tnhydrite memoer and nrobablv are indirect!>- related nes.::; of the limestone. 
to the originai thicknes~ of th~ limestone m;mber. .>o C'Oll»incin,Q" e\·idence ;;upports the possibility that 

From place to place the deposits occur at the base. locaJization of the primary deposits was influenced by 
middle. top. or throuirhout the limestone member and. the ~ond {Lare Cretal'eous ro middle Tertiary) or 
in many places. enend into the top of the underlying' rhird I middle Tertiary to late Ten:ary or Quater· 
Entrada Sandstone or base of the O\•erlvin!? 5ummer· _nary) periods of deformation. Present information 
ville Formation. No known deposits occ~r in the gyp- : indicates that the oldest structurai frarures resulting 
sum-anhydrite member. but all the principal deposits i from these periods of deformation are the faults and 
are near its outcrop. I See pl. 3.) This position of the folds that formed contemporaneously vl'ith the deHl
deposits in relation to the member probably stems 1 opment of the )[c('artys s:rncline. As indicated at><n·e. 
from chance exposure. but for some unknown physical the syncline and the associated smaller features prob
or chemical reason. the gypsum-anhydrite member ably formed during deYelopment of the Zuni and 
may ha"e influenced the emplacement of the deposits Lucero uplifts and rhe Acoma sag~ and probably 
near its margin. prior to the northward tiltin!! of the .San .Tuan Basin 

Near the principal deposits the limestone member 1 pre-San .Tose. or pre-eariy Eocene timel. 
is about 15-25 feet thick (pl. 3). Elsewhere it is gen- In the .\:mbrosit1 Lake district. deposits do not oc
erally less than 15 feet thick. This occurrence of de- 1:upy fault zones except for the imraformationai 
posirs near thicker limestone may also be a result of faults within the Todilto Limestone. Where faults 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

:-'E~CON'CORDA..'\'T DEPOSITS I~ SH:\LE .-1....'\Ll COAL ~03 

:O:XPLANATION -Limestone orecc1a 
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F!Gt'BE lG.-Geolwic se<'tion across uranium depo;.it in TodUt.o Limestone. :<bowing di~plarement by diabase 
intrusi~e. &-indy mine are-a. Geology by frank Hensley. 

interse<:t deposits. the deposits are displaced and 
rherefore must he older. 

Gabelman 'l'.'.~f\b. p. 301-:)9:!. fig. 132), however. 
implied that tile deposits ma:· be younger than the 
fau Its •tnd fnids b:;· noting that the deposits occur 
.. ,·ithin rhe area of stronizest faulting and along rhe 
txes •)f northeasnrnrd-rrendins:;r fold'>. both of "hich 
tre on rhe tlank of rhe Zuni uplift and "ithin the 
~harnesr. bend of rhe strike of the Thoreau homocline 

meanini:r tiw hend of the Chaco slope southeastward 
tronnd the Zuni uplift and ~outhward a.lonl! rhe "·E'st 
'lank of the .'.\kCartvs srncline). 

CTabelman's north~ast~ard-trending folds probably ! 
ire reiated to r he ..-ubpara!lel faults 1 ;:ee p. till. .rnd 
noth probnbl:;· are the same ai;re. Berau;:e the fonlt~ 

·iisplace the deposits. both the folds and the faults must 
:Je youn!!er than the deposits and could not have in.flu
;;nced their emplacement. 

The oidest recoll'Ilizable structural features that are 1 

·ertainly youn!!er-than the deposits are the fractures i 
:n the La!!una district that formed contemporaneously i 
-:\ith the Rio Grande trou!!h during the third period of 
deformation. These fractures are intruded by diabasic 
dikes and sills "hich. in turn. are broken by the same 
.>et of fractures. a relation that indicaoos their contem
poraneity. The deposits show no relation to the frac
tures. and the diabasic intrusives displace and metamor
rihose rhe uranium deposits (:\foench. 1962: 1963~ p. ; 

161) (fig. 19). These facts demonstrate that the deposits 
are clearly older than the fractures and the intrusives. 

Field relations indicate the fractures and intrusives 
probably formed mostly in middle to late Tertiary time, 
and probably prior to the Mount Taylor eruptions . 
Inclusions of the diabase "ere found in a \·okanic pipe 
that probably supplied one of the earliest basaltic flows 
! Hilpert and :\[oench. 1960. p. t44). The fact that these 
rlows were extruded durin~ the latest sta~es oi the 
:\fount Taylor eruptions indicates the diabasic rocks are 
at least older than what may be the oldest basaitic flows. 
Because the entire sequence of }fount Taylor probably 
formed during an eruptive cycle. a relatively short 
period of time. the <liabasic intrusions probably took 
place before the :\foum Taylor cycle, as weil as before 
the basaltic extrusions. Conclusions are that the deposits 
a.re older than an:;· of the intrusive igneous rocks "ithin 
the Lal!'lma and .\.mbrosia Lake districts and that their 
emplacement could not have. been influenced b> them. 

PE'.\"ECO~CORDAYf DEPOSITS 1::-; SHALE A'.\'D COAL 

Deposits in shale and coal are quite similar in mineral
O!!Y and form ro those in sandstone and. in some in
stances. "here they occur in nearly equal proportions 
in both rock t,vpes. are classified rather arbitrnrily. The 
host rocks. ho'\\eYer. ::ire different, so the deposits are 
separated for descriptive purposes. The deposits occur 
in shale and coai of Permian. Cretaceous. and Tertiary 
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~ABLS 6.-Semiquanlital.ive 1pectrographic, radiometric, and chemical analyaea of mill pulp aamp/ea of uranium orn fram limeatone, 
· northweatern New Mexico 

tf'rJal within brtitaea..111 descriptive, not part of mine name. Italic numhPrs arP mine numben1 ahow11 on plate 1. Spectrographlc determinations are semiquantitative and 
were made bJ' the rapld v1aual compariaon method. Comp&rlsorui or similar data with thoee obtained by quantitative methods show that the assigned semiquantitative 
claall lnc.erval tncludel the quantitative value In about llO percent of the detennlnatloru1. Flgurf\8 are reoorW to the nt1&c68t number In the iw>rles > 10, 7, 3, 1.6, 0.7, o.3, 
0.16, and an. coded aa foUows: >10-1. 7•2, a-a, 1.6•4. 0.7-6, 0.3-ti. 0.15-7, 0.07-8, 0.03-9, 0.015-10, 0007-ll, 0.003•12, 0.0016-13, 0.0007•14, 0.0003-16. Flgurea 
reported aa IHI than(<) are coded: <l.O•a, <o.~-b. <0.0'l•c, <0.005,.d, <0.00'2-e, <0.001 ... f. <0.IXKl6-g, <0.0002-h, <0.00006•1 0, looked for but not found;<. 
less than amount 1hown. standard detectability does not apply; Tr., tr~; 1 .. aders (. ... ). not looked for; number enclosed In par~nlht'S4,s Is near threshold ol dfltect· 
abtllty; NO, no data . 

l8pectrographlc analyses are In percent, coded; other analys..·s a.re In percent or parts per mllllo11, as Indicated, and are not codt>dl 

Sample 1 Name ol mine or prospect 
Spectrographlc 1 

Al Aa Au R Ha Be 81 Ca Cd c~ Co Cr Cs Cu Dy Er 

--------------------------·--·-----· 
Ore In the Todllto Llmemtone 

:.6424. ·-- ....... ··-Barbara I I (I). __ .......... . 
*2h. . ... _ Billy The Kid (.'1) ... _. 
5M21L .. _. _. _. . __ . Bia.ck Hawk W ..... _ ... __ .. . . 
5M2'7. . . . . __ ...... _ . _ . B unney CO - - . - - ... - .. -.... - .. · · · 
sago. _ ......... _ ... _ Cedar J (5) __ . . ........ - .. 
'.l&US.. Cbrtatmaa Day (8).. . __ . . .. 
l.s228 .. _ ... _ .. _ . _ ... _. Crackpot. (1) _ . . . . _ . . . . . . . . . ... 
i6429 . _ . . . . _ .. _ _ Flat Top 4 (It) __ . . _ _ _ _ _ _ ... _ _ . 
:.M30 ..... _._ ... Gay Eagle (13)...... . .. 
!'9393----··-------- ____ Ilanosb (8ectlon26) (16) ......... . 
~ ....... -.-Buatack 2 (11). _ ------ _ --- _. -- . __ 
iM.32--·--------·--·--· La8tChanoe(l9) ........... . 
J6433. _ .... _ .... _ .... _ Red Bluft 3 (14) __ .. . . . . . . . .. . . 
'16434. _ .. _ .. _.. . . . . Red Bluft 6 (U) __ . . . . . . . . . . _.. . . .. 
·'6435 ............ _ ... Red Bluft 7 (16) _ .. 
'.16436 . . . . . . . . . . • _ .. Red Bluft 8 (13)_ _... _ .. 
20391.... __ . . . _ Red Bluff 10 (13) . . .. 
'.l6131. . . . . . . _ . . . . . . Red Point Lode {t8) . . 
tifi8UI. . . . Reed Henderson ... . 
l!W38. _ ...... _.. . .. Rlmrocll: (19) __ .... . 
.'.iM39. . . . . . . _ . . . . _ .. _ . Section 18 (.'1!) 
~...... StlCUon 18 (M). . _ .... _ ... 
~.. . . _.. Section 11~ (34).. . .. _ .. . 
·,,ML _ .... _. _ Section 21 !3'7) _ ........... . 
'442. Section 24 ('9). ... _ .... _ 

. ..m .. _. . . . . . . . . Manoi (Section 30) <tt). . ·. . _. . .. 
\6M.3 .......... _ ... _. Manoi !Section 30. T~J \tt) 
6"4 ... _......... Manoi (Section 30, T-19) (tt) .. 
~ ..... _ ... _ T 2 (+5) _. . . . ...... - . . - .... -
6'45. . ... Tom Elkins (48) _ 
UH. ........ .. UDC6(+9) .. 

0 
0 
0 
0 
i 

0 
0 
0 
0 
i 
0 
0 
0 
0 
0 
0 
i 
0 
0 
(} 

Tr. 
0 
l 

0 
0 
i 
0 
() 

I 
0 
0 

--------------------------~-~--.. , 

3 

• .. .. 
6 
6 • 3 .. .. 
3 

• 5 • .. 
3 • 6 
5 
5 
3 
3 
5 
2 
3 .. 
• 3 
5 
2 .. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
b 
0 
0 
0 
0 
b 
0 
0 
0 
0 
0 
0 
b 
0 
0 
0 
0 
0 
b 
0 
0 
b 
0 
0 
b 
0 
0 

9 
D 
9 
9 
9 
D 

10 
9 
D 
D 
8 
8 
9 
8 
9 
8 
D 
8 
9 
9 
7 
8 
ll 
9 
8 

10 
9 
9 

10 
7 
II 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Ore I• the Todlho Llm-..ne and En&tada Sanc19oDe 

H1111dv 17ffl. II 0 O Tr. 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
(} 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

I 
1 
I 
I 
l 
1 
I 
l 
I 
l 
l 
l 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
1 

0 b 
0 h 
0 b 
0 b 
0 b 
0 h 
0 -
0 h 
0 b 
0 b 
0 b 
0 b 
0 b 
0 b 
0 b 
0 b 
0 h 
0 h 
0 
0 h 
0 b 
0 b 

12 h 
0 b 
0 h 
0 b 
0 b 
0 b 

(12) h 
0 h 
0 h 

0 0 

H 
16 
14 
14 

(15) 
14 
0 

16 
15 

(16) 
16 
14 
14 
14 
15 
14 

(16) 
15 
0 

15 
14 
16 
g 

16 
16 

(15) 
16 
14 
g 

15 
14 

13 12 
H 12 
14 12 
14 12 
12 ND 13 
14 ·-· 13 
13 .. - - 12 
13 13 
14 13 
13 ND 13 
13 - ---- • 11 
14 .... 12 
15 . - . . . . 13 
14 - . .. 13 
14 .. 12 
13 12 
14 ND 13 
14 13 
13 13 
.. 12 
13 12 
13 12 
15 ND 13 
14 ·-···- 12 
14 12 
12 ND 13 
13 12 
13 12 
14 ND 13 
14 -····. 12 
14 12 

13 . 12 . - .. 12 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

-
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DISTR!Bt:TION OF ELEMENTS IN THE ORES 113 
\BLE ti.-Semiquantitative spectrographic. radiometric. and chemical analvaes of mill pulp samples o.f uranium orea from limestone. 

northwestern Sew M e:r:ico 

· 1attriai w1th1n braci:eu is descriotivP, not part ol mtnf' nlimf, Italic numbPf'.'S a.rP mintl numbers shown on pla.te L 5pectra«raphic dtitermination!l a.re semJquantitative and 
"4'Prt11 ma.oe tJ; thP rapid vtsual como_arl50n mPthod. L'omo1uLSons o! s1mwu <h:titd with th~ olJtatned by quant1tat1VP metnods snow that the Ii.Maned $emlquantttauve 
*.'la.s.s 1ntt1 rvat tnclu_Qp,s the quantitative value m anout 00 Pt"rN*nt o( the d~termmat1on.s. Furures ilJ'f' rPnoruad to the nPa.rest numt:w-r tn the ser1es > lO. 7. 3. L5. 0.7. o.3. 
·!.15. anti :i.T~ coded a.a follows: >lO•L 7•1!. 3•3. l.5-4. iL7=~. 0.3-=ti, 0.l5a7, 0.U';" .. ~, tJ.UJs9. 0.015=-lU. O.OOi•ll. 0.003•1'..!. 0.0015-13. O.!llJ7•U. iJ.0003•15. Fl2ures 
:-;•ported as 1t'SS than 1<• .>ire codttd: <LO•a. <·0.05•h. <UJJ".!•c, <11.111.."5-•1. <!1.U1r2- .... <U.OOl::of. <lJ.f.AXl~•ll. <O.OOJ'l=h. (::1).tJ:-nl~-i. 0, looked for but not found:<. 
1 ... ss _than a.mount snown, :itandard dHt>etab1hty r10PS not :~r;piy: Tr .. :r:l.CP: \t'ade-rs l. ;, not looked for: number enclose<l in p~rentht~St'S lS n.-ar tnreshold ot d~te<:t· 
"l11l1ty; SI•. no d•ta · 

_:'p.ectrOIZ"ra.phic 3na.lySF3 a.re in oercent. t:O<i~ti: othn :>na!y~s Mf' in P€'reent or parts per million. a.s indicated. and 11re not codf:\dt 

:-16424. 
:-164~ 
.">6426. 
.:Mr.. 
'.'931IO 
56428 .. 

:45~'28. 
:564211 
:-16430. 
.'l393-
.'M3L 
. \6432, 

. 5<1433. 
:.'>6434. 
;56435 
"56436. 
~'93111. 
56437. 
~Ill.. 
.~38. 
:564311 
:~. 
'"!93115. 
.16441. 
.16442 . 
~1139'2. 

:.5&KJ. 
·:~. 
:.'9394 
'..16+\L 
!.\6Wl. 

·4sm. 

:452?.'. 

~5-1110 
'.54100. 

Samrl•' Same ol mine or proo[l<'ct 

Barbara I l (/l ..... 
Billy The Kid(~) .. 
Bisel< Hawl< w .... 
13unney 1~). _ 
Cedar I 1Sl.. ...... . 
Christmas Day (o). 

ff:~; f/it1 .·::: 
<iay E!ljlle U3l. ....... . 
!!..,,ooh 1Seclion i61 (16) 
Ha.ystaclt :! 1 rn .. .. 
Last Chance <19l. .. 
R<d Blulf 3 (r.l. . 
Red Blulf s (!51. _ 
Red Blurf 7 (t6J .. 
R•d Blurf 8 1!31. _ 
Red lllulf to 11,l ... 
Red Point Lode 1.t~1. 
Reed Henderson. 
R•mroclt 1t9l. . 
Section lS (3t) ... 
:iect1on lS 13/JL 
:i•ction 19 13•1.. 
3ecttoo :!l 1r.1 . . . .... 
Section :.?• >"9L .... " __ .. . . _ 
~lanol \Section 301 <ttl. __ 
~ anol I Section 30. T _,, 1 1 t!L.. 
~!anol 1::lect1on 30. T-19) <Ill. 
Tl 1.441. ........ . 
Tom Ell<iru qSl. 
l"DCSl.Sl.. 

Sandy ~iFJ 

Luclty Don \/) .. _ .. 

.\~a Torres U) .. 
~!!Vie 1tL. 

.\~ 

') 
\) 
1) 
I) 

l 

0 
1) 
0 
I) 

I 

I) 

l) 
1) 
I} 

I) 

ll 

I) 

ll 
0 

Tr. 
n 
( 

IJ 
() 

1 
0 
0 
i 
I) 

0 

0 

Ore In the Todiho Llm....,ne 

4 
~ 
s 
j 

4 
3 
4 
4 
3 
j 

.\ 

•) 

0 
0 
IJ 
•) 

0 
0 
0 
I] 
I) 

•l 
I) 
I) 
!) 

u 
I) 

IJ 
1) 
1) 

0 
I) 
i) 

0 
l) 

0 
\) 

•) 

I) 

I) 

0 
lj 

I) 
I) 

n 
II 

•I 
•) 

0 
0 
0 
I) 
1) 
() 

0 
0 
0 
lJ 
0 
0 
<) 

J) 
I) 
I) 
i) 

b 
0 
0 
0 
() 

h 
0 
0 
I) 
•) 
I) 

0 
b 
0 
I) 

IJ 
0 
0 
b 
>) 

0 
b 
0 
I) 

b 
0 
0 

Tr. 

Tr. 

Ore Jn tbe Madon Lim....,..., 

0 
5 

0 
0 

L! 
1: 

9 
9 
9 
9 
9 
~ 

10 
9 
9 
9 
8 

" 9 

' 9 ,, 
9 

.,, 
11 
9 
s 

10 
9 
g 

10 

11 

"P<'Ctroe:raph1c ' 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I) 

I) 

0 
I) 

0 
\) 

0 
0 
0 
0 
0 
0 
I) 

0 
0 
0 
I) 

0 

0 

0 
0 
0 
0 
0 
0 
0 
() 

0 
() 

0 
1) 

0 
u 
•) 
I) 

I) 

0 
0 
0 
0 
0 
I) 

0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 

0 
0 
0 
I) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
iJ 
0 
IJ 
I) 

() 
I) 

0 
0 
0 

12 
0 
~ 
0 
0 
0 

(121 
0 
0 

0 

0 
0 

c~ Co Cr Cs Cu 

b 
h 
h 
b 
h 
h 

t,• 
b 
h 
b 
h 
b 
b 
b 
h 
h 

.. ·t~. 

h 
h 
b 
b 
b 
b 
b 
b 
b 
b 
b 

0 

0 
0 

14 
15 
u 
14 

115) 
14 
fl 

IS 
15 

115) 
15 
14 
l4 
14 
l5 
l4 

dSl 
15 
0 

15 
l4 
15 
g 

15 
15 

<lSl 
IS 
14 
g 

15 
14 

13 

13 

13 12 
u 12 
u 12 
l4 12 
l:! "1D 13 
u 13 
13 12 
13 13 
14 :so· 13 
13 13 
13 13 
14 l~ 
15 . 13 
14 13 
ll 12 
13 12 
u :>ID 13 
u 13 
13 13 
14 12 
13 12 
13 

~o 
1i 

u 13 
14 12 
l4 so· 12 
12 13 
13 12 
13 ·:so· 12 
Ii 13 
14 12 
14 12 

L! ~ . . . l~ 

1-.! 
ii 

12 

Dy 

0 
0 
t) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I) 

0 
0 
0 
I) 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

Er 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
u 
0 
•] 
I) 
l) 

0 
0 
I) 
() 

0 
0 
lj 

0 
0 
0 
I) 

0 
0 
I) 

0 

0 
0 I See footnote,; at eod vr t.alble. 
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114 IJRANIUM RESOURCES OF NORTHWESTERN NEW MEXICO 

TABLE 6.-Semiquantitative spectrographic, radiometric, and chemical analyua oj mill pulp aamples of uranium ores /rum limutone, 
nonluoutern ."i ew M ezico--Continued 

Sample 1 :-.lame or :nine or prospect 
Spectrograpbtc '-Continued 

Eu F Fe Ga Gd Ge Hr Hg Ho In Ir 0:: La LI Lu '.Ilg '.\In 

Ore In the Todlho Um.-one 

::56424 •... Barbara J I (/\ ... - .......... - f, 0 0 0 0 0 0 0 0 4 0 0 0 6 g 
~--- Billy The K.Jd m ................. 6 0 0 0 0 0 0 0 r 0 0 0 0 6 ~ 
~--- Al'<:i: Hawk W ................... n 5 0 0 0 0 0 0 0 0 0 0 0 0 6 s '.:564Z7 .. Bunney «) .................. 0 

'-j [) 
5 I) 0 0 n 0 0 G 0 5 0 0 0 6 ~ .".."1390 ... - Cedar I ISL ............. :-.ID 5 h n n 0 0 ND 0 0 a 0 0 :-.ID 6 g 

~-- Chnstma.c; Dar 16l ..... 0 n 0 0 0 0 0 0 0 0 0 0 6 8 
-~45228. C;--;\Cl:not 17) .•••.•.••..•. -·-···-····· .. ti n n 0 0 0 0 0 4 0 0 6 g 
'256429. - Fiat Top 4 11-'l. ... 0 0 I) ') 0 0 0 n 0 '1 5 0 0 0 6 >; 
::.IM'lll. '~ay El\l?IP 11$1 .... - -- - .......... - - .... 0 

'.io 
6 0 0 0 0 0 0 0 ) 0 0 0 6 ~ 

~- Ha.no!'lh 1 .Section 26) U6L ............. ND 0 h u 0 0 0 ND 0 0 (') 0 0 ND 6 8 05&131. H~y•taci: 2 U:-1 ....................... 0 5 n n 0 0 0 0 0 J 0 0 0 6 ~ 
~-- Last Chance 1191 ............... 0 6 0 0 0 0 0 n 0 0 .\ 0 0 0 6 
2S&133. - Red Blut!J (W ........... 0 5 0 0 0 0 0 0 0 0 0 0 0 0 
~- Red Blu!! 5 lt51 ......... 0 6 0 0 0 0 0 0 0 0 0 0 0 0 
~-- Red Blu!! 7 C!Sl .......... 0 6 0 0 ~ 0 0 0 0 0 0 0 0 0 
:!56436 .. Red Blufl 8 rm .......... ···---------- 0 .\ 0 0 0 0 0 0 0 0 5 0 0 0 
2211391. Red Rluff 10 U'L .... ······-·-······- -"D :-.ID 6 h 0 0 0 0 ND 0 0 a 0 0 ND 
2.'IM.17 Red Poln t Lode I t8). .......... 0 6 0 0 0 0 0 0 0 0 0 0 0 0 
2f6891. Reed Henderson ................. 0 0 0 0 0 0 0 4 0 0 5 
Z56438. Rlmroci: (t9l. ·-·····-···------------- 0 6 0 0 0 0 0 0 0 0 0 0 0 0 6 
'.2.'164.'!V ... - . . . . - - - - - . . - Section \8 C$tl ......................... 0 6 0 0 0 0 0 0 0 0 4 0 0 0 6 
Z56440. -- .. Section 18 13'\. ........................ 0 5 0 0 0 0 0 0 0 0 J 0 0 0 5 
~----- Section 19 (~4l ........................ ND ND h 0 0 0 0 NO 0 0 (51 0 0 ND " 25&441. .. ~~tion 21 rm ........................ 0 0 0 0 0 0 0 0 0 0 n 0 0 6 
2.~ ...... S~tlon 24 r~.9l.. ....................... 0 6 0 0 0 0 0 0 0 0 4 0 0 /) 6 
221139'Z ... .\l&nol (Section JO) (tf) ................ :-.:n :-;'D ll h 0 0 0 0 ND 0 r (5) 0 0 NO ti 
2.~ ... .\lanol 1 Section 30. T-8) (tf) ... - ....... 0 6 1) () 0 0 0 0 0 0 .I 0 0 0 " ~-'16444. - .. ~hnol (Section 311, T-IQ) (ttl ..... 0 6 I) 0 0 0 0 0 0 0 4 0 0 0 6 
~- T214SI ................. ····-··------ !'ID :S-ii" Ii h 0 n 0 0 ND 0 0 • 0 0 ND 6 
~- Tom Elklru 1481 ........ 0 6 0 0 0 0 0 0 0 0 0 0 0 0 6 
~~-- CDC 5 (;.Ill ............ 0 ll 0 0 0 0 0 0 0 0 0 0 0 0 6 

Ore In Ille Todlho Umeuone ond Entrada S.n-H 

24.52'211. ------------ 3'\lldy (761. ......................... ·····-·······-· Tr. 0 ...... 0 ------

Ore In the S.n AndrM Lhnmlone 

246227- .................. Lucky Don UL ..................................... 0 ------ 0 0 ------

Ore In Ille Maden Ume9.one 

zs.1110 ....... .. Agua Torres(/) ....................... 0 Tr. 0 0 
~~109 ....... .. .\lane m .. --------------------------- 0 14 0 0 

See footnotes at end of tRble. 
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DISTRIBUTION OF ELDIE:N'TS I~ THE ORES 115 

fABLE ti -Semiquantitative spulrographic. radiometric. and chemical analusts oi mill pulp samples of uranium oret from lime&t.o-ne. 
riorilucestern ;1.iew M exicir-C ontinued 

3~\mple j -.; ame oi m me or proapect 
~-tro!!faphic '-Cootlnued 

·."M24 
·5£,4~. 

':k-4~ 
:564?: 
:.'\!390 
:~211 
:45?.l8 
:564:.!9 
'51i<130 
::;<;31)3 
'."M31. 
:s&in 
~5M33 
. :.'lf,\34. 
5&13.'i. 
·5(1436, 
·c'9391 
.-'<i<!37 
'16!191 
'5&138 
'.\"43Y 
:.io+!ll 
·-~•395. 
:f,f.+41 
.:.~:.L 
_·_"JJ9'..! 
c.'.o.H3. 
'.',"4+1 
:c'\!3114 
:5"4i5. 
:56446. 

Barba.rs J I < /\. 
n111y ThP Kid !i 
lJ!J.CI. Hawk 1 .-.J. 
:Junney1~1. 
(' >!<lar l un .... 
Chn.stmas D•y ·" 
Crackpot 1 ;\. ..• 

Flat Top 4 !f!'. 
1 ~ay Eaile Ujl" ...... _ .. 
H:>nosh t:-3f'Ctton tt3i rJJ) .. 
Havsta.ck: :.! ! !7'i. 
La.St L'hance 1191. __ 
R~d B~urf3 t.!'~1 .... 
Red Blul'f 5 ;!5>. . 
Red Blul'f7 ltfll. 
Red B\utf 8 'l!L .. 
Red B\utf 10 1.'1>. .... 
Red Poin' Lode · td I. 
ll<ed Henderson. 
Rlmrock ·.!91. .... 
.'ect1on I~ .Jtl 
oectton I~ !$$l.. 
:!~ctton l9 1$JL 
.~t:ction ".!l "31!,. 
5ectton :.!-I 1j9i .. '" ·--
~tsno11Sect1on 301 •!!L. __ . 
.\f~nol 1Sect1on ~.L T-~l 1!!1 ..... 
~L:rnol 1.S~cuon JiO. T-191 1U~ .. 
T ·~ Wl. ......... . 
Tom Elktns i_~,j1. 
l'DC 5 1;5l .. 

13 
0 

H 
H 
H 
u 
0 
0 

14 
l~ 
13 
0 

13 
L:.? 
0 

H 
13 

!) 

0 
I) 
I) 

0 

•) 
0 
f 
u 

!1 
f 
I) 

13 

P Pb 

Ore In the Todlho Lim.....,..., 

0 I) 13 0 0 11 
0 0 14 0 0 12 
0 0 14 0 0 ti 
,) I) H ~ 0 12 
0 0 14 0 0 11 
0 0 H 0 0 II 
0 0 14 0 0 I~ 
I) 0 14 0 0 11 
0 0 15 0 0 II 
0 0 14 0 0 10 
0 0 15 0 0 11 
0 0 H 0 0 II 
0 0 14 0 0 11 
0 0 l4 0 0 11 
0 ') 14 0 0 11 
0 0 13 0 0 11 
0 0 u 0 !) 11 
!) 0 15 'J 0 l~ 
0 0 14 0 0 11 
0 0 u ) 0 13 
0 0 11 l) 0 ll 
0 0 H l) \) 1~ 
0 0 15 I) 0 13 
0 Q 15 u I) 13 
0 0 15 0 0 11 
!) I) 14 •) !) 11 
u l) 13 •) •) 11 
0 I) 13 l) I) IO 
!] 0 14 !) 13 
0 0 14 tl l'.? 
0 0 14 0 ll 

0.... In tbe Todlllo Llm.....,ne and Entrada S.ndsloM 

:46229 ..... Sandy \761 •. ·······--·--·· 13 H 0 12 

Ore In tbe San Andree Lim.....,..., 

!46227 _ Lucky Don !IL ...... 13 6 0 0 11 0 11 

Ore In llle Mad- Um.....,..., 

Agua Torres 'I• 12 0 12 0 12 
~lane (t) .. 10 0 12 tl 5 

See footnotes a( end or tablt:i. 

Pr Pt Rb Re Rb Ru Sb 

0 0 0 ...... 0 0 0 0 
0 0 0 ...... 0 0 0 0 
0 0 0 .... 0 0 0 0 
0 0 0 ;,;[i 0 0 0 0 
0 :-ID 0 0 0 0 0 
0 0 0 . 0 0 0 0 
0 0 0 0 ) 0 
0 0 0 0 0 \ 0 
0 0 0 .Ni:)" 0 0 0 0 
tl "1D 0 0 0 0 0 
0 0 0 0 0 0 0 
l) 0 0 0 0 0 0 
•} 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 

Ni:i' 
0 0 0 0 

0 :-ID 0 0 0 0 0 
0 0 0 0 0 0 0 
0 o· 0 0 0 0 0 
0 0 . 0 0 0 0 
0 0 0 ---·-- 0 0 0 0 
0 0 0 ...... 0 0 0 0 
0 SD 0 !'ID 0 0 0 0 
I) 0 0 ...... 0 0 0 0 
!) 0 0 ·No· 0 0 0 () 

0 SD 0 0 0 0 0 
0 0 0 !) 0 0 0 
0 0 0 

~o 
0 0 0 0 

0 ND 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 ...... 0 

0 ...... 0 ~. -. - 0 0 0 0 

0 0 ...... 0 0 0 0 
.0 0 ...... 0 0 0 IO 

0 
0 
0 
0 
f 
0 
0 
0 
0 
f 
0 
0 
0 
0 
0 
0 
f 
0 
0 
0 
0 
0 
I 
0 
0 
I 

0 
0 

0 

0 

14 
u 



I 116 t" RA..'irl:.-1 RESOURCES OF XORTHW'ESTERN' :'.""EW :\!EXICO 

T.\BLI!: ti.-Semiquaniitatfre .rne~trographic. radiamelrit. and chemical analuu8 oi mill 
northwe8tern ~\'ew Mexico-Continued 

p•t/p 8ample.s of 1aantum ores (ram lime111011.e. 

Spectroo:raobic '-C'ontmued 
Sample 1 Same of mine or prospect 

Y"b Zo Zr 
I 

Ore in the Toc!Uto Lim-..ne 

J56424 Barbara! I ill. .. n 9 n tl n Q Q n n 0 14 d 0 I 
:.!56425' Billy The Kid IJ1 " ' n 0 n 0 n 0 0 0 !) d Q I 
~56426 Black Hawk'"'- ., 0 9 n 0 () 0 0 ' 0 0 9 n Tr. d 0 I ?56-1'27 .. Bunn@y di_. " n g n 0 (j 0 n ' Q 0 s 0 0 d 0 I 
~?>~ Ceda.rltS\ .... 3 n 10 0 n :--:n " 0 9 0 :\'D 9 n n h 0 l 
J56428 Chnstmos Da;- J 9 n n 0 0 0 9 0 0 " 0 0 d o I 
'2452'28 C rackoot 1 :-~ • J n 9 n I) -- ' 

n n ll n 0 0 ~ 0 l 
'J5i>l29 Fiat Top 4 1 ; t 1 • n g 0 0 0 n fl ~ 0 0 " 0 0 <l 0 I 
:.!56430 (_;ay F.3.illf' !Jj1 ... 0 y n 0 " 1) n v 0 0 -~ 0 n <l 0 1· 
~:!9393 Hanosb {3flttion :.:s·, f!,fi. " 10 n n SD n n ~ 0 SD ~ 0 14 n 1: 
:.!56431. HaystacK ·2 u:~. _ 0 10 n n 11 n 0 ~ 0 n 9 0 n d n !( 
~56432 La.st Chancf> 1 i!.ii 0 9 0 n n n n 9 n n 0 0 1 n 1: 
J51\433 Reh Rlutf3 1!~ 1 . 0 9 n 0 () 0 n IO n n 10 n n 0 0 1: 
·:.'>5434 Reh Blutl ~ rw. I) ' n 0 i) I\ '" ? () n 9 0 0 0 0 !, 
25&135. Red Blul'!; ! !~\ .. n 9 0 0 0 n 0 9 0 s 0 0 d 0 !'. 
~.5&136 Red Blutf ~ (;.~\ .. l 0 " o 0 0 <I 0 I) 0 0 0 d 0 I 
2'29391. Red Blutl 10 <ISL. ... 3 !) lO 0 0 "-:D 0 0 0 SD ~ 0 0 r 0 l'. 
25&137 Red Pmnt Lode r t8l J 0 9 0 1) 0 0 0 0 ~ n 0 1 0 !'. 
2~91. Reed Hender.;on. 3 0 ? 0 0 0 0 0 n 8 0 0 0 L 
256438 Rimroclt if9>. 3 0 0 0 n n 0 'J 0 11 0 0 ',j I\ ll 
25643\l. Section 18 ijf\ I 0 ' I\ 0 0 0 0 9 0 0 0 n d n 1: 
256440 .. 5e-ction 18 r,,_,1 _, I n 9 0 n 0 0 0 ~ 0 n 0 14 d 0 Ii 
~3\l5 .SN:tion 19 13.,: l ~ 0 10 n 0 :-:o 0 0 10 n sn 0 0 f I\ 12 

I 
I 
I 
I 

256441. 5eet1on ·21 1:171 3 0 0 0 0 0 {I 9 0 0 0 ".! 0 12 
:2.Y'A-42 S..ction ~4 L19l ... , ... _,,, l 0 9 () 0 0 0 0 '~ 0 0 0 0 d 0 10 
'2'29392 ~lanol rSeetion 30i !!!L 3 0 10 0 0 "D 0 0 9 0 :\'D 0 0 0 l~ 
~56M3, ~anol iS~ction 30. T-81 !~~l l 0 g 0 {I 0 0 0 ~ 0 0 0 0 d I\ 1·c 
:;.50444" ~l•nol <Seetion JO. T-191 1ffl. I n 9 0 0 ll n 0 ~ 0 0 Q Tr. ".! () II 
'.r.9394. T 2 t_.SL _______ 3 0 10 0 0 SD 0 0 10 0 >,;!) 0 0 r I\ ,, I 
''56MS Tom Elkins 1J8l .. 3 n s 0 n 0 0 0 9 n 0 () d 0 !~ 
~~ CDC5(.l9J .. 9 0 0 n 0 0 0 0 0 d 0 ic 

I Ore In the Toc!Uto Llmeetone and Entl"llda S.ndMone 

'245'.r.9. ........ i;andy (78). 0 10 g 9 13 15 0 ll 

I Ore in the San Andree Limee&one 

:!4SZ'.?7. .... Luclry Don tn ... II 0 0 ...... 0 11 

Ore in tbe Madera Llm....,ne 

!54110 .. .\gua Torres Lil 0 0 0 0 0 >,;D 13 15 9 ll 
254109. ~larie 1t1. 0 0 0 10 0 >,;D 13 15 10 

I 
I See iootnotP~ Hf i•nd -.if ratik. 

I 
I 
I 
I 
I 
I 
I 
I 
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DISTRIBUTION" OF ELEMEXTS C" THE ORES 117 

T.\BLE 6.-Sem1quant1tatit·e spectrographrc. radiamelrfr. and chemical analyu& of miii pulp samples of uranium ore1 /rum limutone, 
north1ce3ter11 New Mexico-Continued 

.'·vnple' -;..; lil!le of m i.ne or prospect 

----

R•dlo
~etnc 

Pncect 

P:Os' 

Cbemlcal 

c· 
(organic) 

.\s' f'lt Zn u 

Pa.rtS per million 

Ore In the Todllto Lim....,ne 

::M24 
~5&4:.?5 
:56426 
;50427 
:~'9300 

Barbara J 1 i! )_ .. 1l 23 t). '.!3 0. 09 
illlly The Kid(': •)9 09 . JO 
flla.cl< Hawk 1;i. l:! 1:2 . 08 
i3unney 141 ...• 1)8 •)8 11 
C~dar 1 \Sl. ... _ :1 :t 

~5&4~8 
cts2~s 
.:51>4:.!9 
:56430 
·:·:9393 

Chri.stma.s Uay !dl 16 l6 l J 

ff~~o~ ~7°\)i.t)· .... .117 10 J3 
19 :o . lJ 

4jay E!lll!e 1.1-'L .. 16 l~ 15 
[l:J.nosh 1 Section 26·1· i;.f; . JI J4 

:50431 
:56432 

Haystack 2 1 m ... 15 16 IJ 
L..st Chane• 1 /91. 12 lJ . :23 

·:55433 Red Blur! J i!:1 .... . 17 l 0 1)5 
;50434 Rell Blur! 5 '!.i!. 16 ltl . •J5 
·~5fi-43.') Re<! Blurf 7 · ifl"I. lJ . !3 .tl9 
:ol\4:rn Rell Blurf ~ t!!!. . IJ H H 
.::.!~391 R~d Blur! 10.lf.ll. 17 19 
c.\6437 P.ed Point Lode .,,I. 11 11 \)';" 
:40!'~1 !{,:..,rj Henderson. 113 ,,J I" 
.·.~.o.n.~ R::nrock d9). . IO 11 ~~ 
c.•;;.i39 ;:;e-ct1on 11!! 1j.!l 15 10 :JJ 
_·.',frHl1 ::: .. •;t1on l~ 1j.') [I) :n ·:J 
:·:g395 .-:=f'cnon lY i.1.:1. !t 14 
~.l~l .~1~ct1on :.:1 ·~) !IJ 11 :;o 
·~;.044:2 .::i:>ct1on :24 ij9) . __ I~ l'i . 15 
::g.19: ~1:3.nol t.S.~ction Jl)1 !!). 19 . :J 
co6H3 .\lanol 1.:3ect1on ;jo, T-~1 rlel. 17 19 11 
:5tA<H. .\fanot (:Sectton JO. T-19) ( t!). :s 31 u7 
:~9394 T ·: (_;5, _ ........ 12 lJ 
:.\<'MS Tom Elkins (~8l. 12 11 19 
·:06446 L'DC5i~). 14 . 14 .06 

!),[]7 1J. IY.!6 0. 11 
03 1))3 . 08 
04 015 rJ1 

. 1_)3 . :Xl3 . 08 
. 0'24 

1)4 . 1))3 . 10 
11 Oil 

. 03 003 .09 
OJ OOJ 06 

. 031 
08 . 015 . 14 
03 1Xl3 . 06 
<!4 015 . 05 

. !)J <Jl8 . 06 

"-"' !!OJ . Oi 
. OJ !XlJ . 08 

Dli 
i)J . 005 .06 

. u5 . 1)15 ~2 
UJ 003 . 06 
•J3 . OOJ . 06 

. 1lJ 003 . Oi 
.<Xl4 

. ll3 , 1))3 . 06 
1.Ja . llf)J . 06 

IJ!Y 

'"' <)()7 .1'2 
04 O~'ll .10 

004 
.04 1}()3 ()fj 

04 011 . 06 

16 
J 

~3 
11 
!\() 

lS 
18 
IS 
·~o 

50 
8 
6 

JJ 
·:1 
\2 
19 
tiO 
20 
~ 
'i 
9 
s 

10 

.~) 

19 
16 
10 
t 

29 

.50 
50 

340 
JO 

coo 
'\JO 
160 
;JO 
190 

I. 700 
00 
50 
90 
90 

\20 
150 
HO 
30 
~ 

110 
·:o 
·:o 

160 
:o 

'° too 
2\0 
130 
130 
:o 

370 

)I 
10 
10 
10 

5 20 
4 10 
J ; 
J 10 
• 10 
5 :)-0 
~ 10 

10 
10 
10 
10 
10 

5 10 
3 JO 

5 4 
3 10 
5 '20 
t 10 
5 IO 

10 
JO 
10 

J 10 
J 10 
1 '20 
J 10 
5 10 

Ore in the Todilto Lim~ne Lime!ltone and Eatrada Sandaone 

':15229. :5a.ndy (:'6) .. 0. 09 iJ. 10 <J. 13 il. 08 0. 024 15 60 15 12 

Ore in the San Andr .. Limeaone 

'45227 

C.',.jl 10 
:5410\J 

Lucl<y Don '! 1 .. 

.\1Zue. TorrP.s ~ 1 ! 

.\lane tt·i _ 

0. 17 

0. 06 
. 1 i 

0. '.."2 

iJ. 08 
17 

: -~P"" 1:trG'!npn1c :ifltt.lyses. 1.:nf>rntcs.J a.naiyses for_\"· :3e. l'. J.nd Zn. and radiometnc 
. 1.a1~·:-•·-= [nr 1.· f1>r samniP5 ·.:~~390-·?_'939~ inclust~P 1. quested by.\. T. ~1iesch. 

· .\::;!y;i; of sampi• .!4ti.'l91 by -.; ~!. Conl<lrn; all others ~Y R. LL Havens. 
\r1alY:3lS: <.". 1 ;_ .\nllelo. R. P Cn:t. 1i. :5. Erickson .. \tary Finch. W. D. lloss. 

11 II Lipp. T. ~tiller. and J. 3 Wahlt>.-ro. 
1 .\:ml y::ts: 1_·. ~~ .• \rnzelo. R. P. Cot. E. J. FPnnelly. D. L. Fenzuson .. \iar; Finch. 

\I I!. 1 ;,,;;,II. fl. Lipp. T .\filler an<l J 3. W•hlbero. Fluonmetnc method. 
.I na.l;.,u· II' [) 1.;uss. II H. Lipp. and J. 5 Wah Ibero. \"olumetnc method. 

· .\.na.lyst:s: 1 _;. T. Burrow. D. L. F~r1Zu.son. ~nd E. C ~lallory. l.ir:J.v1metnc met bod. 

I), 43 

iJ.11 
.05 

I), 06 

il. 46 
J. 27 

0. Oil .... 41 

172 
6, 200 

240 

S90 

10 

50 
75 

·Analysts; D. L. Fer~uson and L. F. Rader. Jr. \"olumetnc method. 

J7 
2.100 

· Analysts; Wayne .\lount1oy •nd J. P. Schuch. Rapid scanning. C01 method . 
• .\na.lvsts: R.R. Beins, H. E. Crowe. E. J. FenneUy, Claude HutJman. J.P. 

Schuch. "and J.E. Wilson. Colorimetric method. 
"Analysts: R. P. Co<. W. D. Goss. and L. F. Rader. Jr. Colorimetric method. 
11 .\na.lysts: C. G . .\noelo. G. T. Burrow. R. P. Co1. ~,.,-y Flnch, W. D. Goss. 

II. H. Lipp. T. ~filler. and J.B. Wahlberg. Colorimetnc method. 
"Analysts; R. R. Berns. G. T. Burrow. and H. E. Crowe. Colorimemc metbod 
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120 l"R.\.:."'ITD}.! RESOliRCES OF :\"ORTHWESTER~ XEW MEXICO 

T.•BLE ~.-Ranrvx •1! tit• r1N111u·tric 111ean8 of Jil minor elem~n t.< in U .mm pie 17ro11p~ of the uranium ores. nnrthiccatcrn Yew 
Jfr..rico 

[.HI analyses are spectr~apblc. :-.-umbers In parentheses are samples below limit or detection J 

'Jl""e q,amp1e lfrnups 
Bv formation. typt> al 

:-i0&t roc:K i i. ana 
~1:itlnct1vt> structure"• 

Sopma.ao \."l'liranics of 
3!..f'&rn.11!':143• 

Popou..a Forinauon 

Baca Fonnauon 

Dallot.a ::ianastone 

Dallot.a S&nd.stone 

• 

: i. : :: 
z ~ -

.1.,..1 

Percent 

- ... - ,,nl 
0 0 0 -i 

.~!l\.ER 1;\2'1 

-+-

I I 

1sh.&.le1 .. I 
• ! 

•!•I -o 
18J ~oma.on Formauon 

~omton F ormat1on 
WoodrTlw nepoe1t 1 

Todilto L.i.mestone 

Tod.ilt.o i....imPltone and 

l!lllS•l -0 

Entn.da ;)anO!tone 

,~utler formaaon 

3&n Ana.rea 1....i.meswne 

Madena L1rn"tone 

F~ptna.ao '. olcamca of 
.St.e.&l'l\a1L~1 

PopotDU fonnauon 

Bae.a Formauon 

Dakota S&naatoM 

Dallota S.and.aton" 
llha1et 

Mot'T"ison F onnaao n 

Mom ton F ormat1on 
iWoodrow depoe1t1 

Todilt.o Li.matone 

TOOilto 1....i.mestone and 
E:ntnda S&ndaLOne 

Cutler Formation 

S&n Andrea Limeetone 

~ adena Lunestone 

E.apmaao Volcanics of 

& e ]•I I 1l1i 

e i i :i .i q--1 
"'7 ]"I •!1, 

A I• .\JI 

• !" ' :.! 1:.!J! 
0 1· i :~ 111! 

8 ) 1 ~I . ! '1 
3i l .s <!1f 

( <> J 

• J 

i • j' 

• I' 

... 1· 
e I 

" I' 
A )" 

1~ 161! 

1 
l 1 l ii 

311311[ 

1t 111f 

I 
I 

1111•1 

:3t.ea.rN 119-431 • j• 

Popol.DU Formation -=· 
Baca For.nat.1on S 

~lakot.a :3andatonf' > 
Dall.at.a Sand.atone 

1 sh.a.let t <> 

~ornaon Formation • 1 1..; 

~omaon Formauon 
. w ooaro• aepoe1t 1 

Todi.Jto Li.mestone 

TOOilto l....;mestone ana 
En~aa :3and1tone 

Cutler Fonn.at1on 

S&n And.res L.imntone 

~a.den. Limn tone 

E.aoinuo Volu.iuca of 
:3t..e.arna t 19431 

ropol.DU Formation 

Bae.a Fonnatlon 

D&.lr.ot.a Sandatone 

D&.lr.ota S&ndltone 
lll\a1et 

Mornaon Formation 

Momaon Formation 
1 Woodrow d.rpoettl 

Todilt.o Li.matone 

Todilto Ll.mestone and 
E.ntnaa Sand.tone 

Cutler Fonnaaon 

San Aacire1 Limettone 

Ma.den l...i.m•tone 

• ! • ~ 

.. j• :i1 .. ]": 

e i i 
[ ., !" ! 

l .. i· '. 

r • i· 
0 ]• 

0 ) .. ] 

• I 
• I 

[ • i' 
[ • I' 

.... !" 
[ e i 
t " 1· ! 

A }" ! 

q i 
,lJ!31 J! 

111j 

1111 
:2ii 

-o 

-o 
----......; 

-o -o 
---i 
-o 
-+ 

I 
--+ 
-o 
-o 

I 
+
I 
I 

-o 

BARIL'~ 'Bai 

+ 
+ 

I 
-+ 

I 
-+-

+-
+ 

BERYLLJt.:M 1Be1 

-o 

-o 

I 
-+ 

I 
-o 

-o 
-+-

-o 
. "'"'.o 

I I ! 
31 1411 

I 

18 
i I 

i .JI 
I 

I 1 

I J 

Jl 

I 

I 

•2 I 
' i 

I ~ 151
1 

I . 
! ! 
1•18 151 ! 
t ~ 1 ! 
1311311! 

I ,~ I 
I I \!'I 
1 ~z i . 

= 5 

I 

+ 
I 

-+-

+ 
+ 

-+ 

-o 

I 
+
I 

--+-

I 
+ 

I 
-t--

1 

-4-

1 

+
I 
+ 

I 
-+--

1 

+-

+ 

-+-

--+ 

-o 

-o 
-+-

+ 

: One Mmpi.e reported u trace. uaumed LO oe U.lX)()()6. 
: One aampw repon.ed u 0.001. 

•Sample reponao u c..race ... umed to o.r v.()001. 

l One Mmpie report.ea && trace. uaumed to be u.002. 
~ Bot.h aamplm reported u tran ana auumec to De 0.l))O'l. 
'Include. 2 aamplm reported && t.r•U ana uaumlPCI to be 0.0002. 

1 ,\ti 

;.t,; 

l 1!11 
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I 1\11 
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31117 ii 

3 t l 11 

l .11: 

I 1J1! 

3113111 

11111 

J i2J i 
1 !Iii 

:! 12lj 

I '~ 121 I 

I l 111! 
I 151 ! 

i 11111 

18 !17l I 

l !lli 

311311 i 

I tl1 1 

t3 ( 11 ! 
I 111'1' 
2 12!. 

-o __ __, 
I 

------+-
-o 
-o 

-o 

-o 
-o 

.\itlLYBDESC~ Mo• 

I 
--+-

I 
--+-

--+--

-o 

I 
+ 

----! 

-o 
---1 

-o 
-o 

-o __ _, 
-o 
-o 

SEODY~IU< • 'n• 

+ 
-o 
-o 
-o 

-o 
-----1 

-o 
-o 

-0 

-+-
-o 
-o 

• Sample rel)OC"t.ea u t.n.ce. uauml!'d t.0 oe •J.UU02. 

'Includel l aampie report.eel u c..ra.ce ana uauml!'d to De 1J.1.uf.!. 
~ Incluo. I aamp1e report.ea u tract> ana uaumeoc w t.e v.Ol. 
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r.\BLE :•. -Ranqe.• r,f /hr: 1r'lmetric meana of 19 mi.nor element.• in /.! .mm pl" 9rnup3 of the uranium orea. northweate"' New 
Jl exico-Continued 

•r,. ... amoit- llrouo~ 

Hv :'r1rm11.t:on. :\~ "' 

r~.,01na~o ·, .. :,·11.nu.:~ <1( 

. ..:1,...11.rn~ , l~._.\i 

!'ropntosa F urm11uon 

Oacil fn,.mat10n 

[laiwta :::antt,tont' 

DaKot..a :iano~ton~ 
.~naie 1 

'1orr1so~ Formauon 

~lurTl~n For!'!'1::i.t1on 
· \.\'no<lrow r1~oue1t1 

fo1.iilto l..Jm~~lDne 

fq.,jjJto L1m .. ~ton"" ""a 
~:1;0:.ran11. ~aml!itont' 

?··;tlt>r Fnr~at:un 

. ...:J.n .1i.nr1rl:.'~ L.rnt'stonp 

.\f Allera L1rr.P,.tnne 

F::.01nuo \:n1<"an1c~ ni 
.~te-arns '1~'4..11 

f'npoto~a Formation 

Ra.ca F11rmat1on 

Dakota :Sanci!'ltone 

Dakou :5am1~tonf' 
'.'!hale 1 

'1orr1:Kln Formauon 

~n!"T'iMOn F'nrmauon 
,v.,·(Jl()(lrow •lt'Pf)91t1 

Todilto Llm~lDne 

7°idilLO Limestone and 
Entrada Sanoatont> 

~·utler Formation 

San Andres Limestone 

~ adPra Lim+>stone 

E.dpinuo \"nicamca of 
Ste-arna 1 !':14.31 

f'()'PC'l.D!l4 F'1irmat10n 

Baca Fr)rmat1on 

J"kot..a. ::)annstl1ne 

0<1.kot& ::)llnl.lStone 
• ~na1e • 

~orr1son Formauon 

~o!"Tiaon Formation 
··••nod.row o1e0011t1 

Todilto Lim~tone 

~·..Jilto Lorn~tone ana 
::ntraaa Sannatone 

1 "utler F'ormat:on 

.~dn Andre! L1m~tone 

.\taal!'ra L1ml!'.!ltone 

r~pinuo \.'oican1c5 Qf 
:'tearn.s 1!~1 

Pnpoto~a Formation 

Baea Fn.-mation 

Dakota :3and!tone 

Dakou :Sann.!ltone 
· ,,na11!'1 

"'1:orr1!Wln Formation 

~to!"Tison Formation 
V•.'00<1row '1PD081tt 

rorlilto L.imntone 

T1o<lilto L1me~tone 11.nd 
Entrada 3and!tone 

l:.Jt!er F'or:natwn 

:-ian Andre.!I Lime.!ltone 

."'1:adt>ra Limestone 

1•: 
' ' 
) 1 : 

. : ... 

• i 
.. ::1 

•• I' 
~ 

"':' :• 

i•: 

:') ] 

• i ;/j 
I 
I 

e !'I 

.. 1·: .]\ 
... 1· i 

I 

• 

•• 1•' 

"!' ,;,! 
.:. I 

• ! ,,. 

• 1· ! 

• J ~ i .11 
! 

•• !' i 

.. ! 

., ,. ! 

.. I·. I 

~~33§ ;_ 
- -

-+-
I 

+-
+ 

I 
--+--

-+-

+ 

.• E . .\D 'P~>I 

-+-
-~ 

I .--+--

-+
I 
-+-
I 

I 
--+ 

--+ 

+ 
+ 

-a -a 

-a 

+-
-a 

--+-
I 

-+

' 
+ 

--+-
I 
--+-
I 
+ 

.-t-

i 

; d1I 

.101.1()1 i 

' 
.J ·:!ii 
! ilii 

! 

I \ 

18 

.]\ 

.:::§3335;;!: 
= 0 0 

·::-:?.IL~ ,y, 

+-

I 
---+--

--+ 

I 
--1 

-a 

-a 
-a 

-a 

-a 

+ 

-a -a 

-a 

Z!RCnSll."'.\t •lr• 

I 
+ 
I 

-+--
1 

+-
I 

-+--
I 
+
I 
+ 

EXPLANATION 

;-RanK"+> in contPnt of ,;amole~___..., 
' ["°lasnea ..,-~re uncertain 

1 ~ffimetr1c ,,,ean of all samples report.ecJ as 
·.racP or more. \.JUt".!ltloned wnere oouotful 

-a 
.\pproximate limit of ~ens1t:\·itv ""·nert> th~ 

~i<:"ment 1::; unaete<'tea 1n all ~iimp1es 

-a -a 
Appro'timate limits of sens1t1vit:es whert> 

~hey van· :>t>t.,.,·Pf"n samples :\ll o\amp1e9 
unaetected and below Pitner ()r ootri. 
limit.a 

Ort> s.amplt" groups 

l • ]" Ttc>rtlar}-' lil'lt"Ou.& breccta: :n foot .... ·a.il 
0( ign.-ous d1Ke 

o ] 0 Tertiary s.and!ltone: in hanging wail 
of low·anirie fault 

0 J Tertiary unO!tone 

~ J Cret.aceous 111.nastone 

0> J t.'ret.ace-ous shale 

• ] Jura.s.a1c sandstone 

• J" Jurassic 9-dndstone •Woodrow '1t'PQlll1t!. 

& ) • J urasa1c 11me!ltone 

•• 1· r_ura.saic ilmf"!!.tone.ana 3.anC15tone 

" PPnTHan :5.andstDnl' 

'I :• Permian ltmntone: 1n fCX1twaii of 
hi'l'n·anr1e fault 

! ~ Pennsy1van1.an iime!'ton .. : 1n (nnt'-'·all 
,if h.igh·an&'le fault 
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122 l'R.-\..'>TC:d RESOURCES OF XORTHWESTER:N" ::>.""EW !>rEXICO 

TABLE \!.-Ranges 1J/ C()'11CP111Mtion ana. tile 11cCYmetric rnfanR of uranium. ranadium pC11.to.ride .. rnlfur. phosphate. Or!7anic 

carbon. ar..(.'?lic. jluon11r . . ~rk11ium. awl :inc in U .rn111p/e group.! of the urani11m ores. north1ccstern .\'eu: Jle.rico 

[.\nal.<'e' are <:hemical ~xeept lor "om• sampi,.. or \',O,. Wh•re no chemical analyses are a<ailabl<- or show an assay of <0.10 percent V',O,, SP'!'Ctro· 
;rapb!e anal)'S""' are U.w<l by con<er~ion of \' to \·,o,.) 

• •r• ''mo1f!' it'M)U'O!I 

By format.i.ln, ty°P@ of 
.,.,-_,ql "T"ltCK ; . ,,1,no 

J:.St:nrt1v,, 'ltl""..Jr:ture~ · 

E.sptnalll() V riicaniu of 
St.e&f'T\!;i~t 

?opoto6& F ormauon 

Bae& Formation 

Dakot.a $a.nQltonf> 

Dalc.ou Sana.ttone 
1sna.le• 

~omaon FormatJon 
Momaon Forma~on 
.W~•d•D0111t1 

Todilto l...lme:ttoM 

Todilto l..lml!'tton .. And 
Entn.da Sanatt.on• 

Cutl~r Fm·mu.ton 

Sa.n Anorea L.!mntonf> 

!1bder• Limttton@ 

Llp1naao ·,·olcamcs o! 
6t.earna ( !'>431 

PopoU'IM F onnauon 

Ba.ca FQnnatio n 

Dakota Sandat..one 

Dakota Sand!'lton~ 
19hal@1 

!idorrison rorma.tJon 

!idorrilOn Forma.tmn 
1 Woodrow depoa1t1 

Todlho Limestorneo 

Todilt.o l..imttt..oM and 
En trad& ~an<Uton e 

lutler Formation 

San At1drH Limetit..onf' 

~a.dttn Limeet0rie 

£.epina.ao Vo!can1c1 of 
5t.u .. rns , l~"-11 

?opot.o&.t fnrmauon 

Bu-a Fonna.:1on 

Jaw:ou Sanwt.one 

DaKQta ~u111iu.one 
..;r..a..ifJ 

~Om&On r ormaUOM 

~om90n FonnatH'l:n 
' I.Ji,' ()()(lf'OW fl~PQ6~t I 

!'odilto L..m"ton~ 
:\id:lta i....m .. ·nont> and 

Entrada S;,.na3t.an~ 

1 ··Jti•r f".lrm1t1on 

E.spmUQ Vo1t'.aruc! of 
:'tearn,, '1:;.\31 

?opotot.a, F">rmat1•H'i 

Baca Fnnnal1on 

Dakota .;;;arai•tonf" 

Oairnl.a ~annn.one 
~ 10a1• 1 

" 
j• 

> I 

l 

• j i 13 

• !' ! l 
... !' '31 

.... l' 
!I .. l' 

"' l .. ' 2 

'" 
.. 

" 
0 i· ' 2 

0 I I .. ' .. : 

• ! [ 18 

J 

: :: i3: 
•• i· I 1 

~ ' I 1 
7 !• 1: 
~ !" i '.? 

. )" : 

'1) 

• I 

• 

.... 

• 1· 
I 0 ,. 
' 

') 

I 

:-.Cornsor formauon • ~ "\ I :) f 

~OTT"!IM)n Formation 
'Wl)()(Jrow llfOOS1t! • i' 

Todiit..o l.Jmlfl'tt.0ne • ' ':!4 

T·,.jilt..o Ume11to-M and 
En t.rl.da Santltton• ... '" 

Cutl~r F on't'lation "' I '') 

San Anc"'"" L1mttt.0nf' .,. ,. 
'" 

.\i Mier• l.1met1toM " 
,, 

'. 0 

-+--
I 

I 

+ 
-+-

I 
-+-

I 
-+-
-+-

I 
I 

.... A.~ADit: M PENTO~ID£ ; \·-:1)~ I 

I 
-+--

Sn <lat.a 

ORGAS!C (ARBOS "" 

So dai.t. 

--+--
So dat.a 

~o data 

So dat;1. 

So dat.a 

~n data 

:'SumO.r 1n oarentrte!l•"'I '"' ~•moies O•lo"': nma of detfl'('t1on.eati\ r-epo~ u 
ann 1.MUmt!'O to bf. 11_,.: ;:ipm 

'•) 

; l) 

:li 

'I 

PHOSPHATE •P,O,• 

;..;o >i&u. 

;..;ouau 

:-.:ro riau 

So oa:..a. 

:-.:<>data 

EXPLANATION 

....if:-- R&nft in conu-r.t of ~am pies__.,._ 
Ja.sned wr.erf' wr.cer:..au•. 

'~met.Mt" mean of a:i $3.mpl~ t"li"POr-tea as 
:;-act> or more, e"cept wner• noted 

a j• Te!'tiuy igneo\11 Orl!'('Cla: m tootwaJi 
of llfl'\t'OUI (.'l!Xt 

f C J" Tertiary un<Utorie: in l'lanainr '.Vai; 
of iow~ancu~ fault 

:;, I r ~rtta.ry HnOatone 

> Cret.at:eout sa.M!tohf 

°' j C r~uu:eous sn&Jt!' 

• 1 J un . .sa1c unou . .one 

• Jur"lU.811! ltmP~Hone 

\ & • i • J ur-a.u1c l:mt"'Jtone ano iutnaston,. 

'!! ?erti.1an ~.amlSWne 

P<!!"m1ar. :tme'iWne. m fr~Hwi1.J! of 
·'.'llti'!'l·aJ\litlt' iaull 

?e:irav1varuan ume~tone. m :,11nt 'A'al~ 
n( h1ir • .,·allgtt' :autt 
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DISTRIBUTION OF ELEMESTS IN THE ORES 123 

BLE ~1.-Ran9r·• rJf crJnrrntratiOft and the ocomt'tric mean8 r1f 11rani11m. ranadi11m prnto.ridc, 8Ulfur. phoapll.ate. organic 

''•1r/JrJn. ar ... ·nit·. rt11rJrinr . . ;elntium. and ;:inc in 12 sample groups nt lhl' uranium 0rr.•. northu:cstern Yew lft'zico--Contlnued 

'J"' .,.amo1 .. 1rrnup!I 
~v formation. :n>@ •>f 

E: ... p1nui> \."n1cantc!I of 
;..:~earns 1 J:.-04.11 

Pnoot.ou F1Jrmat1on 

8<1.ca Fdrmation 

Dakot.a Sandstone 

lhkot.a Sandst.one 

\1.nrn11on formation 

\l:nm~n Formation 
W~ro111r1 .. 00111tr 

r.x:i!lto l..Jmeatone 

T"dilt.o Limestone and 
Entraaa Sanct!ltone 

1 '11tler Formation 

:'1<1.n .-\ndrP!ll L1mP.,.tone 

\bdera Limeswnt> 

F.~ctnaAO ;.·01canic!I ol 
:-'.t~arns ' 1':'4.'.l 1 

;•qpotosa Fnrmat1on 

Baca For~atton 

Da.1<ou. :-iand.!ltone 

::)ail.au .:;and!ltnn@ 

~orT!&on Formation 

:"-1.omllCJn Formation 
'J,'l)O(Jl"'OW dePQ91l) 

Todilto l..Jmntone 

Tudilto Limestone ana 
E~tr&da ::ianastone 

• 'utler Formation 

:'an A.nare1 l..Jm~wne 

.\ladera L1m~wne 

E .... 01nuo ""iicanics of 
.~ tf'U'nil I l~4J) 

~,,lP'Jt.OS<l F0rmat1on 

Rae a For;nat1on 

'."•""ii.ou. :-:ana~Wnt' 

_,,J.l\Ol.4 :".i.r:rBt.Ont' 

.\ior'!""~n Fr:irmauon 

'.lor'l':!On Formatwn 
>..1)1)(1row flt>OOAltJ 

!"oodto i...Jme'!tone 

....::itl'l i..;me&t.0ne &nd 
~:it..n.aa :ianastone 

'Jtier fQrmation 

. ..:1n -\n<ln!S L1m~t.0ne 

.\1artera -..omP~t.O!'W'! 

i-:.-101r.&.l!O ,"0ican1c~ of 
~·.t-ar:1S · l~I 

~''•Doto:i.a r·nrmat10"l 

\\,,~ .. ,,n Fur.,,.:u:on 
',1,·,,.Xlm.,.,· •lepoe1t1 

:.>dilto l..Jme!'!itone 

'.'" ...01ito Lim~stont' :.i.nd 
~::i~aaa :Sanaston~ 

r ·'.Jtler Fnrmat1un 

. ..:~n Andres L1mt'stone 

\1.Adera L1m"'!'!itl'lne 

• ,•I 

·J 

, ) ) I 

ca> j i 

• ! : 18 

e j• '. I 

.. 1 • !31 

•• j• ! 
e ] i 
., j" I I .. 

• i• : 

~ 
,. I 

., j i " I 

> 'I 

; .., l i n 

e i !'7 I 

' 
• 1· I I 

.. 1· !31 
I 

&e 1· I 
9 j ; I 

1' j• ! 
.. ' 

• 1· 10 

~ 

J i 
-) 

• i ;~ 

• ;• 

.. \• \31 ... ., •.\ ., 

., i• I 

. ;. 

• 
• 1·. 
• .11 

•• l' ! 

e ' ' 

; n"e 'lampte f't"ported as .: ¥'Q • .iMumed to be 1U opm. 
But~ 'l&mptes re0<>rte<l £S '· •).5. a.saume<l t.0 bf" tJ :J ppm. 

• • •;ie ~ampt~ reP'Jrt.ea as ··. 'J .. l. usumea ~ OP. ci.3 ppm. 

329-381 0~9--9 

= = 

f'a.rta per rn1iliun 

.i..RSES[l •:l..s• 

+ 
I 

FLl.ORIS'E IF· 

So dat.a 

~·o dat..a 

zr:-.:c 1 Zn, 

+ 

--+-
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<·. '.ool"f'1 for hut not round; <, ::.:..E ::nan amount snoi;t,·n: 1P::i.ders r,.,, r.ot ioored for: -. "':-:;pro.ornate :'lffi(')Unt shown .. \n3Jyses are in percP.nt. ncept a..s otherw1se 
:c.a 1c3t.-d I 

.\S F Se Z:--. 
.\i! .\! ._~ f"J C: Cu Fe ~lo >:i ?b t• \':0> s 

P3rts per million 

Groupe o( clasa I 

"Sacs. For.:nauon .. 
f •:Uf<Ha :-5 .. i-nflStone. 
Li~~li;oui ::-JndstonP r3n:i1r-, 
~.?omson FDrm.auon. 
To1iilto Limt>stonP_.. . . . . . . . . ... 
T·-~iltn L.;;.(:'.'lnnf' an•1 E:;~rarla . .:.a:"·:~t.1;1;1 
(. -~tler r .'"'.;".":~~cinr:_ 

·• ···-)03 

<. ~-•)(}5 

- .... ~)03 

" (11103 
·.:.r) ._.-1115 

·:~ 11)7 
4_.; .:j.)l.J_., 

i. . '~"-""' 

-~· 

o. (1(115 ()_ tlll3 [ ,; ll .... ~111)'; 1'1 
, ~n •"\ - . 11;iLi 
1.11i:i ' .. ,3 - ·.o;il,1 

. r)!r.: ,,, L 1 :•:-" 

.1.•Jl r2 :J ~. :•Ill 
··~,1.J ·-.:1 )! ~ t' 
'}'°4 .. \ <'.,\>l}l-\ 

l•lLS. ,, "•13 Q. ll 1). ·2; :)4) ~ 5t) 
,,(,[ <.·••07 ~ '5 .,.; '(1 1D "'' -tu ;t :.-, 
1 •.•lj :;fll.5 " ·'1 i1J -. ·0 

. ' .. ~ ,) 1•10 ::oj ,,) '3 10 <.:1 48 .;u 
·"•_•)';' . •:.<l.S ll ll . l"\ H ID<\ '~. 'J 
:•••:' 3 '" ~ 5 r).:'1 15 ' -
'!;:.: ~ j . 'L t,.~ 3.'() :.?. 3 [ ,3 

Groups of dua .2 

F.sotni<;t1 \'niC'a-niC$. of Strarns; 11)431 : 
Pnpotf)SA Fnr.r,at1on _ .. __ .. _ .. 
\!oms.on F•:.rmanon, W110'.irow: <l~posn ; __ 
:an .\nitres LtmPStone. 
>tadera L:meston• '. 

,; .·.00,3 
< •Ulil)Jj 

...• )()J 

.._. 1,~.1)4 

~- ..; ,, rr. ,, 
\.', .(1j 

:; ut.~ 
LS ."J!5 
3 ,'Jlll5 

n15 I " l. t) •). M5 ·!. r,-:J 
• ')'< 1:~ .. I,~. . I .• ·ui,1 

. illlf5 '! t .~. ' !_~ ~·1 

.i'•i.J :J•IJ ·"H.S 
•}146 ·;l~ .l ~ ,.;; . ,llJ3 

:). 1'{)\5 0, " " 1)'~ 4. 1) 360 .\~O <. 5 I l~ 
. ,·,15 u .• i.'j d :~:s ~l'_'O :i. \')~ 

.''! I l'l . (1 6. 6 ,:(I C-20 ~ 3-'" 
, -~M_l 1 ... 13 .1'#) 11 :241) 10 .;..10 
. !J.) 1:2 •ot) I_, L u.33 S91) dl 7 ;J 

1 T~i5samole 2roup a.iso con tams o.03 (f!. i1.0L'i. La. ........ 1.1ii >."d. ;ind iJ.l~ Sr: t sample contains 0.1.113 1.r*'. 
! Thts s.amo1e iroup also cont::uns a t:-:lcf' o! T:. 
! Cin~ sample tn tnls sa.mpie ~roup a.iso contams O.tH.=i :Sb and 0.015 T! 

MORRISON FOR..MATION 

.\fo.•t d.1rn \\'Pre ••htained for th<· ,.we ~an:ple !!rnup 
,,f riie .\forrison Fnrmarinn. the mnsr important nre 
l!l"Oll[l in riie iu~a. irnm du:. •r;tndpoinr nf nre pro· 
ducrion and mine re,;en·P•. \\·irh the exce11rion of some 
redistrihnted deposits in rhe Ambrosia Lake district 
:rnd pn~~ibly the Chllup disrricr. rhi:; ore group ~how" 110 

direer rPl:ttinn ro re1'tnlli1· ,;tnl\·tures and. with riw 
exception of the ore~ in the :::;alt \\'ash .\{ember. no 
-ri·atil!raphic or !!PO!-!Taphi(' ditferenn:>~. 

In genera I. r he ore )!rOtl r ill r he .\lorrison shows a 
3omewhn.t gN!'a.t~r range in eontent of many elements 
t~an 1110,.:t other g-roups of class l. This is principally 
the re~11lt of the !!rearer :rnmher of sample,;. a,:; indi-
1«tted hy the similar geometric means for the respecti\·e 
l'lemenr:=: ;t!lHltl!! the ;;e1·eral .-:ample irrnups 1 tables 7'-'.l). 

.\n exception is \·:madium. which has a relatin•ly '>'icie 
r:rn:.:e :111d an a1·er:t!!e .. nntent rhat is mw!1 i;reater 
rhan r!:ar uf anr ••t rl\e <>titer !!l'nups. I ~ee 1·:rnadium 
pentoXJde. table 9.1 These ditferences are reflected 
111o"rly h.\· "alllple ~:,.J,11+0 1 table ;) ). 11·hich \\·a,; taken 
from rite !\<lrthwP::;u:rn !'art of rhe are.a wheie ores in 
rite :;;ait \rash .\[emilt'r ban:' :tn a1ern!!e {": \" rario of 
l: 7 1 :-:E'€' t:1ble :!. :'hipr0"k district. i Because the ~alt 
\\«1:-:h ha,.; a rather lilllited distribution in norrhwest
dn \,>\1· .\[exico, the ores that ham u high rnnadium 
""nrent are restrirtPd geou-raphically as well as strati
graphically. 

MORRISON FORMATION (WOODROW DEPOSIT) 

The \\'oodrow deposit in the )Iorrison Formation 
differs from the groups in class 1 in its high cont~nt ! 

nf 10 elements. the presence of coarse-grained coffinite 
in the ore. and the close· association of the deposit 
with a. faulted pipelike structur:il feature. These dif-

ferences justif,\· assignment of the "'oodro't\ deposit 
t•• class 2. 

The cnntenr;; nf each of the follo\1·inQ" nine elemenr~ 
111 rlw \rqodrrm- depn;;it are g-reater than the highe..:;r 
re.-pectin:: ('Olltents of the .•ample !..'.ro11p,: in cLt~s 1 h\· 
the followin:.: multiples: ;;iJ\·er. >fix : cobalt. 7'1:.: ·, : 

··npper. :11~ ;< : iron. :\ X : nickel. :11~ X : lead. ~. > : 
uranium. +1:,;x: sulfur.~::!:<: and ;trsenic. 16><. Tlte 
"ontents of le~1d and copper in the \'i. oodrow are about 
the same or less than in the group in the Cutler Fnr
mation. '>'hich contains an appreciabl,v hiirher cnnrent 
of rhese and s.ome orher elements than the groups i11 

l'lass 1. This matter is discussed be]O\...- under Cutler 
Formation. The \\·oodrow also contains a trace of 
tlrnllium. which is rare!:· detected in deposits of the 
penecnncordant rype. and it also has a relati\·ely hi!!'h 
~11ltide mineral content. "·hich is expressed in the ore 
principally a;: pnite and marrn;-;ite: this ·~ontent :~ 

indirnted by the his:rh amounts of iron and sulfur 
1 table Ull. Crmn'rseiy. rhe 'i\'oodrow is lo"· m \·ana
dium. 

The mineralogy of the \Y0ndrow deposit is similar 
to that of the g-roup in the .\[orrison Formation. 
\1·nh two t•xr-eption~: "Ile i,; it~ relati,·ely hiizh !'lll
ticle mineral C"nntent. and the other is the presence oi 
<·nnr;-;e-,!!rained ,.,,rfoute 1 Hilpert :tnd :.\fnench. l'..ltiii. 

p. HG r which CX'<'HrS only· in a nne-,!!rained or earthy 
form in other dc:po,-irs in the )forrison Formation 
as well as in all other peneconcordant deposits. Thus. 
tilt' ~i!;!ltttinm ditference,; lit>tween the \'i'oodrn\\' 
deposit. and groups of clnss 1 are the high grade oft.he 
depo.sit. the pre,,..nee of eonrse-grained coffinite in the 
ore. and r.he a:;,;ociation of the deposit with a faulted 
pipelike struct11ral feature. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

152 CR.L"iH:~f RESOl'RCES OF ~ORTH\VESTERX ~t:W ~!EXICO 

,' 1!11.ra f"'. 1;,.,"11· r J/:111··, n1· rr1 PIP/s/t11·1·1,P/l .-~~\·er~1i 

'tranmm 'it'i"•"IF :1:-e known m rr.·k~ "i tile 
~;lllt:1. F" (~1·r,11p, ;.ur rli"·\· ::ener:tih· are ,:mail illlti 

-11!'erri,.i:tl. TliP l'<"«111rce rnirlnok. huwe\·er. :" •«lllsidered i 
''' ranue frnm !•(M>l' "r the ntlt(TOp m :.!'Orni in r!ie stlL
·itrta''<', .-'111iiar rn 'IlP ( rali,;ren :rnd Pnt)()ffl,;a Forma· 
rinri;;. TLe _..;;am:1 Fe Grnnp is 1t"idely expo:0eci, bur. in 
!110:'[ r1b'l':' nlli.\· riit' Ullper tt•W hundred feet ni th0 
•eoue11<'e ;, re! •re:'enred: elsewhere r he beds n re ('Ol'ered ! 
i,_,. allu1·ium :inti •11r·fo·i:tl deliri::. Litrle. if any. t>xr>lo· 
ratirm h:h iit't'll .j1111t> for deposit:-: in rhe llnext"i~·! 
1wd:'. The :.:rear 1•x11•11.r :111d thirknes5 nf rhe"" bed~. awl 
lilt: ia1·1.r:1iilrll\':';, nf lll:tli\' of them for <."Olltainin!! 11r·a11i
'llll dt>pu~ir". ,,rfer :1 !!<'l<11! poremial fnr depo,;ir::: 
thar 1nay rnii!.!'e rn ,;1ze from sma.ll to lar,\?'e. 

1/{d,•r 1•1ii1•1711/1' nwks ,,; .fr·l/1PZ .Jfu1mf17;11,,, f:,;1i1111s11 

!~,,J,-.,nu'r-.. ,. ui ,,,, 1/1•t1s I/.'!};,,.))~ r·:v111'pn;i?a L:111ln11·:1,'tq (;; 

.;,,,f>'ill"/1-' </.'):;:JI. 1/111/ :11f/'ll.,i1•1· l'()f"'k,' 0.T 1•rn•iP(J f'l)f))f)O-';. 

.<(/n 1111rf. ir.1 n1.--< lne medium-sized \·ein dt>P<li;If 1wr111-;; 
i11 rhe E<pm:t:'o \-,·,Ji-:rni<·,; of ~re:trni' 1 1:1.t:ji "11 riw 
"'1,;rern <i• ie 11f rite Lo~ ( 'errillns di,;trict: :1 few <•tiler 
-'•·atrer~i •nrnii dt>pn,,:ir-:. which are m0 . .:tl.\· ,;nrrfrial 
:1•·1·1mHiiatin11.". °'""llr' in \':Irion::: type~ nt inrru"i\'\'' and 
P:S:tlll:'l\'e i!!11en11,; l"•·k;;;, f!lainly aln11!! rhe Rio (~r·:rnde 
rron!.!'h. T11e 11rani11ll! re•n11r1'ei' in rhe:e n~·k;: are :'mall 
:111d the n11tlnnk i,:; poor fnr rinding more rlian :1 frn
·"rnall. or po•"ihh' medinm· .. ~ized. deposits in them. The 
hest pmenrial i;; in the r,..)s Cerrillos and Orriz minin!! 
distriC"ts. 1\·here :'<•Ille urnniferous vein deposit-" mi!!ht 
he found in ~ts~oriarion with the base-metal deposits. 

AREAS RECOMMENDED FOR EXPLORATION 

The principal ur:rnium resources in 11orthwe~rern 

\ew .\(exici» are in pe11,...,rnrorda11t dt,po,;:ir:". 1110,ri.\· in 
·:rnd,;to11"· !•:1nh· i11 lillle"rnne. :ind to ,nn1e extP11r :11 
":trhona"Pnll." -i1:de and 1'<1:d . .\[o;;t of rhese re"nurce5 are 
:1i.,11!.!' r11f' 111:tr:.:;n" qf "t>dimemary it:bin,,. tht> 1110,;r 

ill1fK>rr:rnr 11f r!iP:ie areas L1ei11g the ,;nnrhe1·11 and we,;r. 
,,rn r•art:" 11f r!1e :'an .I nan Ba:>in. 

')f ::rl:'ate.;r i1npnna11c·e is the ,:;oitthern part 11r' rlie 
lia,;in. ( 11\ ri1t> l·a~i,, of the frequen\'y of Lli~tribution 

,.f rhe knnwn deposit,; and their geolof!ir relation~. 
t.he dep,,,_irs in this area are restricre<l to :1 zone or 
belt north ·of the nut crop of the .Tura.ssic rocks which 
;. at lea,,r :!II mile" wide and which ha:; he1'1i referred 
to as rhe ~nurhern ~an .Tuan Ba.sin mineral llf'lt 1 Hil· 
1 ierr :1: 1 d .\ f."1t>lll' h. l !inP \. The IHH'ti 1ern Ii Ill i r "f r he 
lieit i~ adju,;red here to inelu<le the k11n1,·11 area:' of 
11111.;t inre11.;i1·t> "rnu:rurnl deformation durintr Lare 
,lnra~sir tilllt>. This deformation i::; recul!nized a~ the 
1•nme t'•l!Hrnl 011 the uranium clt>posit=- ill rl1P .\hrri,;011 
Formarinn and To<lilt0 Limestone .. \.~ dr:iwn. the 
11111"them li111it ot the helt extends from .11ear rhe 

11•i11:hern pirwi1nnt nf the .Jaekpiii' "':tll\t:;tnne 110rti1w~t 
1\ani. 1•:1rai!el ro rne r~·on:<tr11cred })()un(hry nf tht 
.fura~:~tc hasin of deposition. ro the n1HGrop of r!H 
'[nrri;:n11 Fnrmatinn 011 the wt>,;tern ~ide of the :-':u 
.fua11 Basin 1 hg. ::1.1). Included in ri1e L~lr are th• 
.f;u:kpile rroutrh 111 the La!!Ullfl di;;trn:t ( roughl: 
:11ark"d I>,\' rt1l' .lad•piie :":tt1tbrone1 :tnd d1t> 111:111\ •)re 
lit>:!rin!.!' ::;~1ntbtnne n1a,.:s ill the ~\mbro;;ia Lake di:;nic 
'area~ l' :111d fl. !"P:'p~·rin'I,\'. h!!. ~·1). 1 lthei· "Trl\l'tllr 
:til.1· defnrn1e1i :trea~ prohably ,,.., .. m· !n the we,;ter 
/•:trt 11f rl1t> lw!r :111d alnlll! ir~ nnrrh n1art!'i!l. ( 'ertainl 
.'uth area,; will nnt he expe('tHl ro end abruptly wher 
r!i., 11•1rtl1 rn:tl'!!lll i" indirnred. Tltt> l11111111ian· i=- tlra\\' 
rn ~hn11· approximate!~· wi1ere the defnrrn:1rion bec:arn 
l""" 111rensi1·e n"nh11·anl. 

Included in the heir is the p:lrt of the lime.-'tone 11n 
11r' rh .. Todiiro Limt>:'rnlle rliar · i.» fPet i)r mo1 

rhiek. This part includes almo,;; all the mine resen·e 
l1a:' .1·iPldt>d aln10.;t a!I the nn'. :!lid 1•rni1:1~d\· l'Dnt:llt 
mri,;r of the uranium re"onrce::: in the T'1dilto. "'he1 
rhe iin1t>:o;rn11e H11it nf rhe Tu.Jilro 11:1:; ri1i .. ·k('-r. it ['l'"' 

al1h· r~:ei\·ed rhe rno:<t imP11:'i1·e deformation <lll 

rill;." i .. ~ ··on~idt'red mo:-r f:11'<1r:dile "'" dei111:'ir"'. ·r: 
Tndilro !!ener~dh· lie;; about .J:1U)-,'1(ll) foer ;)elow t! 
t•:t:'e of t

0

i1e .\[nn'.i,.:nn F11rrnario11. Bvcau"e nf ; It i .. " !!':' 

eral depth and rhe :'malh•r depo"ir,; in ir. the Todii1 
i:- 1u1t nf inmwdiate p1·nnnmi« imet'e"t Pxc·epr where 
i5 not deeply hnried. 

The 111i11era 1 J.elr :d~n «»nt:1i11:' tlie 111n;;;t f:11·orah 
!!!'Ound for uraniun1 depnsir:; in the l>akoca San 
:r11ne. althon!!h tht> .lnra,.:.:i1· defnnnarinn prnliabl.\· It: 
linle. ii :1n\·'. i11tiuen1'e 011 rhem. Tl1e iw-'t .:.:To1111d 
in the \\'~"T,el'l\ part nf tht• i.t•Jt. 11·!1el'P 1·\t:tltllet-f.\·; 
:;:111d:'tone lense;;;. :u·e br!!e.:r and th 1i·ke:0r. Thi:: :1 re:t 
!it•ar f\1P lll:tl'!.!';ll ,,f rite ilaknt:t \1a•i11 or dt'pn . .;itl<' 
Dt>ptit;.; to the. h:1,..e "t rite f1:1knr:1 11iil :.:;e11er:1lh· 

i :;i11•11t .-.1111 fet>r tl•'al't>I' d1'=' ~11d:t"L' ri1at1 t 11c> 1 i:t~t' ,.f : 

1 
'[ol'l'i"ntL .\lthomrh the ,.:ize ,if the dt>pn~ir:: in r 
Pakotn i~ :tbom the :':llllt' :t:- the ,.:ize nf the one:; 
rhe Todilrn. rhe depo,;1t~ in rhe !Jakor:1 ,ire Ill«' 

:11 11e11:d1l1:> tn .. xplnrnr11111 <lllll de1·pi11l'lllt'!lt, \1·hi«h , .. 
lie coordinated wirh exploration for rite d.:eper ! 
"l'Her:tlh· lar!.!'t>!' depo•it" i11 dw 'lorri"nl\ Fnrrnari' 
- . In th~ we•rern J

0

>al'1 of rht> :'an .Tii:lll i:a,,;in •1 

.-tan r i a I n•:-'nl! rct>" ma\· ab" ht> fon 11d i Ii r he .'hi pre 
di:orricr in the ~alt \\.a,;h .\[ember ,,f rhe .\[nrn< 
F••rt11ation a11d in rite Chu,;ka di,;tri«t in tlie P.t>ral'n 
'[e111her of the .\[orri-011 t ii!!. :!II. area" .\ and IL 
,.;pe<ct.in:•ly). End1 of rhP~e area:'i ddine.: the tiiid 
pan of rhe re:<pecri1·e members where tiiey :1ppare 
]I· rn·1·11p .. \· ea,.;t\\·ard·tre11dit1µ- •rn11·rnr:tl dt>pn·:-':-'l" 

! Depo,,irs in rhe:"e nwk,.; are expected tn r.1r.l!e fr 
"-mall r11 medi11111 i11 ,;izt>. ,;irnilar rn rltt> one-. ar 
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RADIATION 
PROTECTION 
CATALOG . -

Eberline i-;.~;~r;:;.trument 
Systems Inc. 

PO. Box 2108 
Santa Fe. New Mexico 87504-2108 

i (505) 471-3232 TLX: 66-0438 EiC SFE 
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A SL:bs1d1or}" of 

Ebertine Thermo lastnuneal 
Systems Inc. 

CERTIFIED CALIBRATION REPAIR 

Service Centers 

Eberline Instruments. Certified Calibration ("non-removable" 
concaminaced instruments also calibrated). . . . . . 
Other Manufacturer's Instruments. Certified Calibration . 
Repair Rate above Calibration plus Parts at List Price .. 
Repair Rate above Calibration plus Parts at List Price for 
"non-removable" contaminated instruments . . . . . . . 

. Call Service. center for prices 
. $115.00 each 
.$ 70.00/hour 

. $ 87.50/hour 

Contractual rares are available for periodic repair and/or calibration. Contact Service Cenrcrs for 
rnces. 

;-cchnical Specification Writing and Consultation 
Service Engineer at Cusromer's site .... 

Call Service Center for prices 
$730/day plus expenses at cost 

!\1 ISCELLANEOUS 

1. Turn Around Time: 

-·'· 

Calibration: Seven (7) working days on Eberline lnsrruments. 
Repair: Fifreen (15) working days on Eberline instruments unless parts have to be ordered. 

FOB Sanra Fe, New Mexico. or West Columbia. South Carolina. 

Instruments for warranty repair. repair. or calibration musr be sent to: 

Instrument Repair and Calibrarion 
Eberline Instrumenr Corporarion 
P.O. Box 2108. 504 Airport Road 
Santa Fe. New Mexico 87504-2108 
Telephone: (505)471-3232 
1-800-27.t-4212 

Instrument Repair and Calibration 
Eberline Instrument Corporarion 
312 Miami Street 
West Columbia. South Carolina 29169 
Telephone: (803)796-3604 
1-800-234-4212 

In addition, the following Customer Service Center is available for customers outside the 
·United Scares: 

Thermo Electron. Ltd. 
Woolborough Lane 
Crawley. West Sussex 
England. RHlO 2AQ 

Prices at rhis location will vary from U.S. prices. Please contact the facility for current price 
:rnd delivery information. 

December 1987 
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Eberline 
Smart 

Portable : Model ESP-2 

• 1JATA LOGGING MICROCOMPUTER-BASED SURVEY 
INSTRUMENT WHICH STORES SURVEY READINGS FOR 
LATER OUTPUT TO A PRINTER OR PERSONAL COMPUTER 

• OPERATES WITH VIRTUALLY ALL EBERLINE DETECTORS 
TO MEASURE ALPHA, BETA, GAMMA, X-RAY AND 
NEUTRON RADIATION 

• AUTOMATICALLY SETS PROPER HIGH VOLTAGE, 
CALIBRATION CONSTANT AND DEAD TIME WHEN THE 
USER SPECIFIES THE DETECTOR CONNECTED TO IT 

• OFFERS EXTENDED RANGE WITH AUTOMATIC DEAD TIME 
CORRECTION 

• OPTIONAL PULSE HEIGHT ANALYSIS (PHA) CAPABILITY 
AVAILABLE FOR MULTIPLE ISOTOPE DISCRIMINATION 

• FUNCTIONS AS A RATEMETER OR SCALER 

ESP-2 
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Vlodel ESP-2, Eber1ine Smart Portable 
GENERAL DESCRIPTION 

~he Eberline Smart Portable. Model ESP-2. offers a 
s1gn1ficam aavancement over currently ava11able 
:urvev instruments. It incorporates a 
~1crocomouter with storage caoao1i1tv for 
:;.oorox1matelv 500 seoarately ident1tiable data 
:oints. Data can oe transierrea to a oersona1 
:'.:lmouter. or to a orimer to oroduce nard copy. via 
i!.:1 RS-232C serial interface oort Far the many 
·.:sers wno maKe large numbers oi routine surveys. 
·"e ESP-2 will prov1ae significant savings of 
~.anoower as weil as accuracy oi cata transier. 

.;ny aata transferred to a oersona1 computer will 

.r1c1uae numoer. aetector. user 1aent1ficat1on. 
:aerating moae. instrument calibration settings and 
;nstrumem ooerating status. Thus. a hara cooy 
recora is ava1iable for regulatory or 1ega1 recoras of 
..,strument ooerating conditions au ring the survey. 

"."1is snou1a be esoec1ally useiul for raa1ation satety 
:::i1ces. nea1th ohysics aeoartmems. nuclear 
~eoicine oeoarcmems. research laboratories. or 
::.nv aop11ca11on wnere nara cooy recoras are 
:1eeaea. 

The ESP-2 1s designed for use with GM. scintil· 
ration ano proportional detectors with which 11 is 
capable of measuring alpha. beta. gamma. x-ray 
ana neutron radiation. It can iunct1on as a 
ratemeter or scaler and displays appropriate 
radiation units along with the data. Ratemeter 
readings are 01splayed in both digital and analog 

SPECIFICATIONS 

fNTERNAL CONTROLS 

• 1terna1 aaiustment controls. located behind a 
s~1asn-orooi aoor on the right siae of the ESP-2. 
;nclude tne foilow1ng: 
'l 01scriminator (sens1tiv1ty variable from 0.75 to 

15 mV) 
21 d1solay v1ew1ng angle 
3) aetector oulse rate to speaker 1scale ratios ot 

~ 1. 1 64. 1 256} 

EXTERNAL CONTROLS 

All external controls are on a single row of seven 
-"nomentarv ousn-button switches. The switches are 
318-1ncn sauare buttons on 1/2 inch centers. 
r::Jnct1ons controlled are: "ON/OFF'' 
\10DE/STORE." "RESET." "LIGHT." .......... _ .. and 
SPKR." 

OPERATING MODES 

. =latemeter Mode 

.,., the raremeter mode. the microcomouter 
:a1cu1ates counts per second. a1vides bv the 
:a11brat1on factor and displays the a1g1ta1 value 
=.long with the appropriate units se1ectea. Count 

ibar grapn) format to overcome trena-1ndicatmg 
oroolems oi other aig1ta1 instruments. Microcom
;Juter-oasea. me ESP-2 corrects for coincidence 
:oss so that tne upper limit of the range ot eacn 
Getector is increased bv a factor of ten or more. 
Single-channel oulse height analysis (PHA) 
caoaoiiity 1s aiso ava1iabie (optional). 

inventorv savings can oe significant by using the 
ESP-2. This instrument wiil perform the func11ons ot 
many other raaiation survey instruments when 
couoied with detector orobes available as 
accessories. One aetector prooe can ue used to 
measure gamma exposure. another to measure 
beta contamination and another to measure 
neutron dose eau1vaient. With appropriate 
aetectors. the ESP-2 can replace virtually all of 
Eberline·s portable ratemeters ana scalers. 

Ease oi ooerat1on is another reason for using tne 
ESP-2. Parameters canoe pre-set for three 
.::itterem aetectors ana by menu selection the 
ESP-2 will automat1cally ad1ust to me high voltage 
ana ca11brat1on parameters as pre-se1ectea tor me 
detectors chosen. The high voltage aajustmem 1s 
placed under comouter control: thus. the high 
voltage can actually be changed via the keypad. 
Once the instrument has been calibrated to tnree 
different detector probes. Keypaa access can oe 
denied to any user who does not Know the 
passwora. Thus. the instrument operator can use 
three different detectors without any iear that he 
may accidentally change an important parameter. 

rate is also d1splayeo on a bar graph iana1og). the 
length of which is proportional to the aetector count 
rate. It the bar graph goes oif-scale. the ooerator 
can aa1ust the scale wl!n one oush or the "RESET" 
button. 

When the alarm level is exceeded. an alarm is 
sounded 12000 Hz tone1 on the soeaKer. This 1s 
sounded even if the built-in speaKer is turnea off. 
Pressing the SPKR button acknowledges tne alarm 
and turns it off. 

Another feature available in the ratemeter moae of 
operation is the "peaK trap'' function. When 
operating in this mode. pressing tne "STORE" kev 
causes the maximum reading to oe stored in 
memory. If peak moae has not been selectea. 
pressing "STORE" simply causes the current 
reading to be stored in memory. 

Scaler Mode 

In the scaler mode. the detector signal is integrated 
for the selected count time (one secona to tour 
hours I. Time remaining is displayed on the too line . 
lntegratea va1ue and units of reaaout are 01sp1ayea 
on the bottom line. For examoie. if the HP-270 
;:irobe is usea. integrated exposure in mR can oe 
aisplayea. Similarly. dis/min can be aisolayeo ior 
the HP-210T or HP-260 prooe. 

• • • 
• • • • • • • • • • • • • • • • 



I JI 
IJI 
111 
111 
l~I 

I I 
I I 
1. I 

14 I 
I: I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I· I 

'Nhen inteqrated counts exceed the se1ectea alarm 
setting. the a1arm saunas. This feature canoe usea 
to tell a wor1< party wnen to leave a radiation area. 

An automatic store mode ("autorecycle function'') is 
available in coniunction with the scaler mode. At the 
completion of the count cycle. the results are 
1ogged to memory and the cycle re-started. This 
feature can be used with a raaon gas detector to 
function as a continuous radon gas monitor. Many 
other similar applications are possible. 

Another function is provided under scaler moae 
which allows the user to program the scaler to 
count until a pre-set number of events have 
occurred (and thus a fixed statistical accuracy 
attained). This mode can be used with either the 
manual or automatic store modes. 

Inquiry/Calibration Mode 

Five different access levels are available with the 
ESP-2 ana can be used to prevent unauthorized 
users from cnanging parameters which affect 
calibration and operation. The user can be limited 
to storing data points only, to selecting detectors. to 
setting the clock. or being able to c-1ange baud rate 
and calibration constants. All access levels where 
parameters can be changed are capable of being 
under password protection via the keypad. 

Operating parameters that may be selected in the 
inquiry/calibration mode include units. calibration 
factor, detector dead time, alarm setting, operating 
mode, detector select and detector high voltage. 

When the ESP-2 is being calibrated. any 
comoination of the following readout units may be 
seiected. 

Prefix Base Unit Time Unit 
none R s 
u rem min 
m Sv h 
k Gy 
auto Cnt 

dis Example: mR/h 
rad 

By selecting the auto prefix in the menu. the 
detector readings are displayed in floating point 
(non-scientific notation) format with the prefix 
automatically ad1usting to keep the reading within 
the three digit range. Depending on the calibration. 
this could allow as many as twelve decades of 
readout w1th0ut going to scientific notation. 

DATA LOGGING FEATURES 

Data can be logged to memory in the ESP-2. The 
storage capacity, Bk bytes of random access 
memory \RAM). is approximately 500 points. Each 
point can be defined with a set of parameters tq 
ma1<e it a uniaue data entry. 

A routine is orov1ded to allow the user to enter 
parameters wnich will be tied to ail subsequent 
data. A nine digit numeric code can be entered to 
identify the user. such as a social security number. 
A six digit numeric code can be entered to identify 
the instrument. A thirteen digit alphanumeric code 
is used to identify the detector being utilized. An 
example of this could be: HP260 s/n 943. 

The data logging mode requires the user to press 
the "STORE" key in order to log a data point to 
memory. This can be done in either the ratemeter or 
the scaler mode. The value stored is tied to the 
current aatettime. through the us-, of an on-board 
real-time clock. as well as the current location 
code. which can be changed at any time by the user 
changing one or more digits of a six digit identifier. 
If the user does not enter a new identifier. the 
ESP-2 will automatically increment the location 
code. 

Associated with the automatic store function under 
the scaler mode is the ability to output each data 
point to the peripheral in addition to storing 1t in 
memory after the cycle is completed (in strip chart 
fashion). 

An RS-232C oort is configured for use on the 
ESP-2. This port 1s flexible enough to meet a 
variety of needs. All transmissions are in ASCII 
notation eliminating the need for decoding software 
in the peripheral device. Standard baud rates from 
150 to 9600 can be set through the keyboard. 

A typical printout might look something like the 
following: 

JUN 15. 86 1230 
INSTRUMENT# 
USER 1.0. # 
DET: #1 
MODE: RATEMETER 
CALJB. CONSTANT 
DEAD TIME (SEC) 
HIGH VOLTAGE 

000000 
000000000 

1.00E + 00 
9.98E-07 

5.00E + 02 

LOC. cnt/min STAT 
06/15/86 1230 
06/15/86 1230 

000000 3.96E + 03 
000001 3.93E + 03 

BATTERY 

Six standard alkaline "C" cell batteries provide 
approximately 300 hours continuous use (excluding 
display lighting). The ESP-2 senses low battery 
condition at 0.95 V /cell and signals to the operator 
by blinking the first character on the display. After 
low battery is first detected; at least four hours of 
use remains. An internal capacitor is used to supply 
power to the computer and prevent loss of 
calibration parameters for about 20 minutes while 
the batteries are being changed. 

Non-volatile memory data is retainea even after the 
ESP-2 is turned otf. Battery arain with power otf is 
negligible. 

As a protective feature. the battery compartment is 
separated from other internal components. 
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OTHER SPECIFICATIONS 

Dimensions: 5.0 incnes nigh x S.O incnes w1ae 
x 10.25 incnes iong 112 7 cm x 12.7 cm x 
26.0 cm1 

Weight: 4.1 oounas (1.86 kg) 

Temperature Range: -4°F to • 122°F (-20°C to +50°C) 

Connectors: MHV for detector inout. 9-pin ·D" 
sheli female connector for RS-232C 
communication 

DETECTOR PROBES RECOMMENDED FOR USE WITH ESP-2 

Model No. Type Measurement Useful Range with ESP-2 5 Percent" 
HP-270 Exposure or Bkg to 3000 mR/h 1 to 3000 mR/h 

Exposure Rate 
HP-290 Exposure or 0.0005 to 80 RI h O.Q1 to 80 R/h 

Exposure Rate 
HP-210L Beta-Gamma Bkg to 100.000 counts/s 14 to 100.0CO counts ls 
HP-260 Contamination · 
AC-3 Alpha Bkg to 50.000 counts ls 14 to 50.000 counts/s 

Contamination 
NRD Neutron Dose 0.001 to 60 rem1h 0.02 to 60 rem/h 

Equivalent or Dose 
Equivalent Rate 

LEG-1 Low Energy Bkg to 50.000 counts ls .14 to 50.000 counts/s 
Gamma or x-ray 

SPA-3 High Sensitivity Bkg to 50.000 counts/s 14 to 50.000 counts/s 
Gamma 

SPA-6 Medium Sensitivity Bkg to 50.000 counts/s 14 to 50.000 counts/s 
Gamma 

·Ratemeter mode provides 5 percent. or better. standard deviation readout capability over the indicated range. 

ACCESSORIES 

Audio Headset: Part No. ADHS4 

Any of the following Eberline detectors can be used with the ESP-2: 

Detector 
Probe 

AC-3 
HP-190A 
HP-210AL 
HP-210L 
HP-210T 
HP-220A 
HP-260 
HP-270 
HP-280 
HP-290 
LEG-1 
NRD 
PG-2 
SPA-3 
SPA-6 
SPA-8 
SPA-9 

Cable 

CA-12-60 
CA· 16-60 
CA-16·60 
CA-16-60 
CA-16-60 
CA-16-60 
CA- 16-60 
CA-16-60 
CA-15-36 
CA-16-60 
CA-12-60 
CA-15-60 
CA-12-60 
CA-12-60 
CA-15-36 
CA-15-36 
CA-15-36 

Check Sources 

CS-1. CS-10. CS-12, CS-15 
CS-7A 
CS-13 
CS-13 
CS-13 

CS-13 
CS-7A 

CS-78 
CS-78 
CS-78 
CS-78 

Probe Holder/Bracket 

ZP1_0434029 

ZP10434029 
ZP10434029 

ZP10434029 

ZP11292020 

ZP10465017 
ZP10465017 

ZP10465017 
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• • • • • • • • 
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Scintillation • 
Probe Model SPA·3 

• HIGH GAMMA SENSITIVITY 

• 2·1NCH x 2·1NCH Nal (Tl) CRYSTAL 

• RUGGED CONSTRUCTION 

Eberline ~~:=1~tramea1 
Systems Inc. · 

SPA-: 
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Model SPA·3, Scintillation Probe 

GENERAL DESCRIPTION 

I The Model SPA-3 scintillation probe is a The SPA·3 contains a 2-inch·diameter, 2-inch· 
rugged, waterproof gamma detector designed long Nal(TI) crystal. a 2-inch, 10-stage 
for high sensitivity of pulse-height applica- photomultiplier tube, tube socket Nith a 

I tions. dynode resistor string, and a magnetic shield. 

I SPECIFICATIONS AVAILABLE ACCESSORIES 
I 

I 
Crystal: Nal(TI), 2·inch·diameter x 2 inches Instruments Cables I long (5.1 cm x 5.1 cm). ASP-1 CA·12·60 

Photomultiplier Tube: = 2·inch·diameter, 
ESP-1 CA-12·60 
ESP·2 CA·12·60 I I 10-dynode, end-window with S-11 ESP-2/PHA CA-12-60 

photocathOde. MS-2 CA-12·60 

Operating Voltage: Variable dependent upon 
RM-20 CA-12-60 

I 
RM-21 CA-12·60 I application. RM-23 CA-12·60 
SAM·2 CA·12·60 

Maximum Voltage: + 1600 V SRM-100 CA-12-60 

I Sensitivity: a: 1200k cpm per mR/h with 131Cs 
SRM-200 CA·12·60 I SRM-200PHA CA-12·60 

Current Drain: = 120 MO resistance string 

I I 
yields 10 µA at 1.200 V. 

Wall Material: Aluminum 

I Wall Thickness: 1/a·inch (0.32 cm), 1/1e-inch l (0.16 cm) at crystal · 

I 
Connector. Mates with Eberline CP-1 I 
Finish: Enameled body with chrome-plated 
connector 

I I Size: 25/a -inch-diameter x 11 1/a inches long 
(6. 7 cm x 28.3 cm) 

I Weight: 3.25 pounds (1.5 kg) I 

I I 

I .Eberline I 
A subsidiary of Tbermo Instrument Systems Inc. 

I I P. 0. Box 2108 
Santa Fe, New Mexico 87504-2108 
(505) 471-3232 TLX: 66-0438 EiC SFE 

I I 4-89 Te/ecopy: (505) 473-9221 
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·Model SPA·3, Scintillation Probe 

GENERAL DESCRIPTION 

The Model SPA-3 scintillation probe is a 
rugged, waterproof gamma detector designed 
for high sensitivity of pulse-height applica· 
tions. 

SPECIFICATIONS 

Crystal: Nal(TI), 2-inch·diameter x 2 inches 
long (5.1 cm x 5.1 cm). 

Photomultiplier Tube: = 2·inch·diameter, 
10-dynode, end-window with S-11 
photocathode. 

Operating Voltage: Variable dependent upon 
application. 

Maximum Voltage: + 1600 V 

Sensitivity: = 1200k cpm per mR/h with mes 

Current Drain: = 120 MO resistance string 
yields 10 µA at 1200 V. 

Wall Material: Aluminum 

Wall Thickness: 1/a·inch (0.32 cm), 1/1a·inch 
(0.16 cm) at crystal 

Connector: Mates with Eberline CP-1 

Finish: Enameled body with chrome-plated 
connector 

Size: 25/a·inch·diameter x 11 1/a inches long 
(6.7 cm x 28.3 em) 

Weight: 3.25 pounds (1.5 kg) 

4·89 

The SPA-3 contains a 2·inch·diameter, 2-inch· 
long Nai(TI) crystal, a 2-inch, 10-stage 
photomultiplier tube, tube socket w:th a 
dynode resistor string, and a magnetic shield. 

AVAILABLE ACCESSORIES 

Instruments 
ASP-1 
ESP-1 
ESP·2 
ESP-2/PHA 
MS-2 
AM-20 
AM-21 
AM-23 
SAM-2 
SRM-100 
SRM-200 
SAM·200PHA 

Eberline 

Cables 
CA-12-60 
CA·12·60 
CA-12~60 
CA-12·60 
CA-12·60 
CA-12·60 
CA-12-60 
CA-12·60 
CA-12-60 
CA-12-60 
CA-12·60 
CA-12·60 

A subsidiary of Thermo b:istroment Systems Inc. 

P.O. Box2108 
Santa Fe, New Mexico 87504-2108 
(505) 471-3232 TLX: 66-0438 EIC SFE 
Te/ecopy: (505) 473-9221 
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REFERENCE # 16 

NAVAJO SUPER.FUND OFFICE 
BROWN VANDEVER URAN
IUM MINE REFERENCE 

MATERIAL 

MAY. •cin P '\1()rr0v 
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CONTACT R!POJtT 

Meeting: ( Telephone: ( x> Other: ( 

CONTACT LOCATION: ~!,\VAJO SUPERFUND OFFICE 

ADDRESS: ?. :J. BOX 2946, WINDOW ROCK, AZ 86515 

PERSON CONTACTED 
AND TinE :·!IKE HOLONA, RANGER, NAVi\JO FISH AND \HLDLIFE 

PHONE: (602) 871 - 1452 

FROM (Contacting 
Party) 

\,,,.,...,-' ' 

PATRICK ~·10LLb¥-; HEA.::...TH PHYSICIST, N2Wi»JO SUPER
FUND OFFICE 

DATE MAY 2. 0 I 19 9 0 

SUBJECT: FISHERIES, HUNT UNITS AND RECRE~TIONAL AREAS IN HAYSTACK 
MOUNTl\IN AREA 

CONTACT SUMMARY REPORT: 

(1) THERE ARE NO FISHERIES IN THE HAYSTACK MOUNTAIN 
ARE,\ 

(2) ~HERE ARE NO NAVAJO HUNT UNITS OR OTHER DESIGNAT 
ED RECREATIONAL AREAS IN THE HAYSTACK MOUNTAIN AREA 
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REFERENCE # 17 
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NAVAJO SUPER.FUND OFFICE 
BROWN VANDEVER URAN
IUM MINE REFERENCE 

MATERIAL 

MAY.' qn P MilTTf",V 
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Contact Location: 

Address1 

Person, Title, 
Contacted: 

Fro•• 

Oate1 

Subject• 

CONTACT REPORT 

Tt le phone 1 l X) Other1 ( I 

Navajo Nation Minerals Oepart~cnt 

P.O. Box 308, Window Roe~. Arizoona 86515 

Rich Koch, 

Pat Hollo 

April 18, 

Leases - Navajo Lands Uranium Hines 

Contacs Sua•arx Report• 

Pre 1960's Uraniu~ Mines -- no records now with tribe. All 
leases for mines worked before 1960 arc presume to be expired. 

Minerals depa:tr.1Cnt not existence until late 60'5. No documents 
or records on these mines indicating lca~c holders a=c in 
existence with this d~part~cnt. 




